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Preface to the Conference 



if 

The Federation for Unified' Science Education (FUSE) has conducted 
annual self-supporting conferences since the group's Ihception in 1966 • 
Although the conference reported herein is the eighth* in the .Series, it 
is the first for which a Comprehensive report of the proceedings has^ 
been published. ; 

The whole idea of unified science to base, school science programs 
on i^deas, processes, etc.,'^hat transcend the specialized sciences - has 
arisen from a grass/roots base. Fot that reason, 'various "forms" of; 
unified science have developed in individual schools. Thus, there is 
not one particular unified science program nor a single set 6f. instruc- 
tional materials that can reflect accurately the philosophy jand rationale 
for school science that permeates a Conference. 

The concept of unified science la still evolving. and infuses a 
conference such as this with an atmosphere of creativity, -portent, and 
open-uendedness; Thus,^he FUSE conference structure is relatively open 
with many opportunities for participants to question, rebut, and discuss 
each pjresentation. Some of the substance of phese discussions is 
reported in the summaries of panel discussions and contributed papers. ^ 

The Theme ' * - 

It is the hope of the editors that the theme of the conference, 
"Unified Science - Premises and Prospects," represents a topic and 
frontier as exciting to other readers concerned with science education 
as it was to the participants in the conference itself. 

The theme itself was chosen because it reflects two' persistent 
concerns that 'are part of the "spirit of unified science. First, there 
is the concern that the premises or foundations of unified science must 
be reviewed periodically so that well considered evolution of the concept 
may occur and that practitioners of unified science may be renewed in 
their own efforts and that newcomers to unified science may find their 
own inspiration for future optioT\. 

The premises of unified science involve: the nature of science, 
the nature of learners and learning, and. the goals of science teaching. 

The second aspect of the theme, that of "promises," implies the 
future tasks and rewards' demanded of and available to learners and 
teachers who are involved in unified science. ^ 

Since^ unified science and its practitioners are a type of educational 
minority in the United States and the world, <»the FUSE conferences have 
always provided the pa^:ticipants with renewed enthusiasm for their efforts 
This is especially crucial for those- who teach in communities e^urrounded 
by educational conventionalism. 

* 

' The Terminology 

In order facilitate communication among participants, a short 
glossary of crucial terminology 'was established by printing it in the 
official conference program. These terms were used more or less consis- 
tently throughout the conference and there has been an effort to extend 



that consistency to this publication. Items in the glossary: 

"unified science" will be taken to mean any planned 
curriculum in science in which the boundaries 
betv/een the specialized /sciencesi §re minimized or 
dissolved in favor of cert^ifTVhaV^ctleristics that 
transcend the , specialized scieiices • 

"program" will- be taken to mean a planned curricu- 
lu& that continues over an exjtended period of time 
as three, four, six, or twelve years. 
« 

^ "unit" will be takpn to mean an organizatljpnal com- 
ponent in a stience program. It might rurf'two, y'^**-**-^-*^ 
foi^, six, nine, or twelve weeks. 
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hdule" will be taken to mean a more^^or-less self- 
contained segment of learning activity that is 
smaller than a ui>it and is a part of a unit. 

"concept" will be taken \q mean a general idea or • 

understanding usually symbolized by. a single word 

such as energy', organism, . etc. . ' . ' ^ 

The Workshop \ 

The addition of a thur^day workshop to what had been basically, 
a Friday-Saturday format was a departure fi:oiA previous years. The 
response to this innovation may well justify* its inclusion in subse- 
quent FUSE conferences ^ * 

The workshop concentrated on t;he ratf&nale 'and. techniques of one 
specific unified science approach to curriculum development.* This 
particular approach has become labeleci the "modular unit" technique. 
TShis is the approach advocated by the Center for Unified Science 
Education ^nd is detailed in the "Workshop" section of' this document. 
A ybrief history of the Center for Unified Science Education and its 
relationship to FUSE occurs in "Unified Science Education Today and 
omorrow'f which can'^be found dn the "Major Presentation" section ^f 
these proceedings. / ^ \ 

The Speakers, Panelists, and Participants 

Th0 people who made major presentations were invited to do so 
because of theiT previous identification with philosophical ideas that 
^eemed to bd consonant with thos^e which comprise the basic premises oi 
unified science* Most of these people had not been associated with 
FUSE a(ttivities previously and thus were able to contribute fresh ideas 
to new acquaintances but who were not strangers to the concerns reflec- 
ted in the presentations. 

Several panelists^ especially those from Ohio State University 
who participated in the concurrent "concept" panels, were new to FUSE 
actjj^ities. Many, if not most, of these individuals work withiii one 
of th^ specialized sciences; Their pfarticipation is not inconsistent 
with unified science premises sitice thp value of the specialized . * 
sciences for sf)ecialized scientists is acknowledged by FUSE people. 
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* ' Although^-'the concept of unified science is applicable at all grade 
levels, most participants were secondary teachers, college Jevel/ teachers, 
ot curriculuih supervisors. Although many K-6 teachers have participated 
in the development of uijified science programs, they have not partici- 
pated to auy great extent in this or previous FUSE conferences. ^ 

Many, ifuptot most, of the secondary school participants have been, 
and/or ara^^^^^ently involved in some type of unified .science curriculum 

developmep1l|^^t^^ v ' 



Concept yanels ( ' u ' 

The/ centrality of scl^ence concepts in any unified science -approach 
to curriculum development was the reason for establishing the panels on 
selected concepts. » The basic purpose of these sessions was to expand ^ . 
each patticipanf's understanding of the specific concepts discussed. 
As a maitter of fact, several of the ■ panelists themselves expressed a. 
surprising interest to learn that concepts which they had assumed were - - 
"private property" were in fact ^o universal. ? 

The Tours , ' , 

' AHEradition has developed during the relatively shorf history of - 
FUSE thit each conference should include classroom visitation of an 
ongoing unified science program.^ This conference continues the tradition 
in the belief that doing so gives conference par-Cicipants a ^oader 
perspective pf unified science and also a common base of experience for 
subsequent discussion. # . , r 

One of the premises that seems to underlie most unified science / 
programs is the belief that local resources should form^^a 'significant 
and integral part of the science program. The classroom vi&itation 
along with the other tours are intended to reinforce this particular 
' prenjise as well as contribute in the more obvious ways to the success 
of t^he conference. 

! 

' ( The Editing ' * i. t_^r 

The task of editing these proceedings was complicated by the fact 
that much of the original material was in the form of tape recordings, 
some of which were of marginal audibility. The editors have made 
every effort to report accurately the sense of the various discussions 
and those contributed papers that are presented here as abstracts. The 
majori presentations and tha full scale conCributed papers have been 
reproduced directly from the originals with only very minor editorial^ 
change. ' , 

Because evetyone involved in prep^aring these proceedings has been 
employed full-time on o the specif ic endeavors^ the time-ldg be,tween 
the actual conference and the publication of these proceedings has been 
greater than desired. Nevertheless, there is reason to believe that , 
interest in and timeliness of the contents have not' suffered unduly by 
the extended passage of time. 

The editors, at the jtime these proceedings were prepared, were ^ 
all associated with the Center for Unified Science Educ.atiOn. 

• . • . -iii- ' ' / 



The Art , . - • , 

The patGerns on the cover and int'erspersed throughout the book 
are Intended to be more than graphic decoration.-^ As a ^roup, they 
symbolize the variety ^-of external forms that are- possible giv^n the* 
same basic ingredients. As with the variety of unique unified science* 
programs, a single set of basic belief s 'and dynamic techniques can lead 
to a myriad of external expresQ,ions. 

For the techpical'ly inclined, the patterns were produced by a 
CQmmercially available device called a *'Gizmo." * Essentially, twp pen- 
dulums are coupled' to a single point which is a tracing point. The 
^ angle between the plane of the pendulums is nominally ninety degrefe^. 
The ijattems.are generated by gradual damping of the resultant move- 
ment at the point of connection. 

<• ■ , • 
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Notes on "Theoretical Foundations for Unified Science Education" / 

by Philip H. Phenix 



Dr. Philip ^Phenix is atirrently Arthur I. Gates Professor of 
Skilos^ophy and Eduoatiorij Teachers Collegrej Columbia University. He 
was bom in Denver^ Colorado^ in 1915. He .^i^eived his B.A. (surma 
Qum laude) in mathematioal physios from Princeton in 1934. In 1942 
he graduated in theology from Union Theological Seminary. He received 
his Ph.D. in philosophy of religion from Columbia University. 

He has special professional interests in the theory of knowledge 
and in moral and religious philosophy. Among his many pubj.ications arer 
Realms of Meaning (McGraw-'Hilly 1964) and Education and the Common Good 
(Harper^ 1961). , ^ ~: ' ~ 

Hy aim: to suggest some theoretical bases for unified science e^dk^tiation* 
Showing some of the complex issues of eplstemology and social 
psychology. 

Some causes of th& movement toward unified science curriculum: 

1. The multiplication of specialties. Too many to handle! 

2. Limitations of time in the curriculum. How choose whidh 
to teach? ^ ^ ^ ' 

3. The unpopularity of science \^ith many students. "Inhumane" 

4. New emphasis on huma][iistiG and affective education. 

5. The i^ise of "hyphenate^ft*^ sciences, e.g., astro-physics, 
psychological anthropology. 

6. The ^oblem approach to inquiry and education*, e.g., 
ecology, war. . . v 

7. Science development breaking its bonds by its owir itlternal 
logic. ^ 

8. Scientists, science teachers, arid students with wide 
interests. 

Doubtless there is a place for both special sciences and for unified science. 
The question: Where does each belong, and why? What ijs unified 

science? , ^ 

The obvious tentative answer: 

a. Unified science -in general ^education. 

b. Specialized science in professional education. 
But this answer may not suffice, since! / 

a. General education will not he served by a» confused melange 
{ of general science. It may i)e better to offer specialized 
sciences, with student choice.* 
^ b. Professional science education may well require unified 

science perspective. 

Hence j we are driven to look at the question fcf unified science in its 
theoretical bases. 

Special Science vs. Unified Science; . A dialectical relation 
There are values b6th in specializatlion and unification. In creative tensioil 
I ^hall dBal with' eight aspects of this dialectic. ' 

10 • ' 



1. Progress vs. Extinction 

Historically, specialization has beep assoeiateS with gi^eat progress in 
science. * ^ 

Successive special sciences have split off from philosophy, as a compre- 
hensive wisdom. , 
Aristotelian science was notably sterile. 

Don't go' b4ck to the speculative morass of the pre-scientif ic 
age! / _ 

Remember August Cotnt^^ stages: from theology to philosophy 
to science. ^ 
But there's t trouble whenever a discipline lo'i&es contact with its roots. 

The cut flower phenomenon. 

Buclaninster Fuller: Excessive specialization leads to extinction. 
The. future lies with those who are ^capable of wide generalization. 
Is the old intuition of the unity of knowledge a valuable one? 



2. Depth vs. Comprehension 

Only by specializing can one go deeply into an area of experience. 
General study remains on a superficial level. 

Rigorous exclusion of extraneous material required. Limit sqppe 
of ^inquiry. 

But this depth is bqught at the price of breadth. 

One knows more more about less and less. Is it worthwhile? 
It is even doubtful that narrow knowledge is really deep. 
Perhaps depth is dependent on wider relations. 

3. Clarity vs. Distortion 

Clarity of definition .requires simplifying models and assumptions. 
, e.g,, mathematical models, of physics or economics, "ideal" 
constructs like frictionless planes, perfect competition. 
These concepts define the specialty. 
But ^abstractions are artificial. They eliminate part of t ■ e truth. 
Hence model making is distdrting, hides as well as reveals. 
Every category in a specialty is a deliberate construct, a 

creature of the inquirer. ^ 
These are subject to change and mod if legation, to choice of 



alternatives. ^ ^ S/^; 

Unifiers stress the voluntary nature of model and category 
formation. 



4. Tradition vs. Innovation 

I- 

Specialization requires a secure tradition, with clear definitions. 
This is jthe basis for training new members of the discipline. 
Science /ordinarily proceMs by the elaboration of the standard 
tradition. 

See Thoifias S. Kuhn, The^tructure of Scientific Revolutions . 
"Normal science" based on textbook tradition. 
Science requires discipline, rigor, obedience to the canons of 
the ffeld. , ' 
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But^ siigh discipline may stand in the way of innovation. 

' Kuhn^a "revolutionary science" requires fresh insights from beyond 
the specialty. 

•History of science shows the need for new paradigms. , * 

\ Revolutionaries are heretical, do not follow, the textbook models. 
(Only those with wider insights are able to devise new concepts 
and models. 

e.g., field , theories in psychology and sociology, atomism 

in biology, historical concepts needed in physical cosmology. 
Innovation as a process of hybridization. 

cf.^, the profound analysis in H.G. Barnett, Innovation; The 

Basis of Cultural Change. ^ 
Much of the literature on the process of invention, creative 

thinking, etc. * 

stresses crossing of discipline ideas. 

e.g., "brainstorming," "syn^ctics," "lateral thinking." 
« Use of ^analogies. 

5. Objectivity vs. Intersubjectivity . , 

Science is objective truth. Value-free. • ' 

It must remain ipure, free of application pressures and constraints. 
Science studeafejB must not be corfcerned about the uses to which 
laiowledge Is put. * - * 

gut scientists are increasingly aware of their social responsibilities. 
Science/ has its values. It depends on social support. 
See Mic/hael Polanyi, Personal Knowledge . The "conviiJ'ialjity" of 

t^e scientific community.. 
Thus it is essential to consider the wider relations of science 
disciplines. > 

6. Closed vs. Open 

Specialization breeds espirit de corps. 

The members of a discipline are a close-knit group of insiders, initiates. 
They appeal to a special language, Jedlously guard their domain. 

But one needs to communicate with others to b^ understood in the wider 
community. - ^ * * ^ 

Is there a lingua franca of sciencp? How interpret it to those 

whose interest and support may be required? 
The riches of others' experience and insight must be opened up. 

'.J ■ • • ' 

>J\ 7. One talent vs. Whole Person ^ * v - ' 

Specialism appeals *to the person who feels unable to handle very complex 
problems. 

The ordinary person requires the security of ^ limited, familiar domain. 
Do one .thing at a time! Divide and conquer. 
But persons are whole. Life cannot be split up into independent compartments. 
How aid students in gaining an integrated view of life and knowledge? 
Everyone acts^as'a whole and not segmentally. 
Unified science is grounded in the wholeness of .personality. 

'■12 , . ■ 




. 8, Elite vs." Commonwealth 

• ... . / ' . ••■ ,^ ' 

There is cash value in the prestige of science^. • 
So don't mix up with humanities and social- studies^, ^ 
There is great ^Viantage in remainitig separ^ite, at the pljatlacle 
. of knowledge. . , , , V 

But- there i^ a new s-troifg concern for human meaning, challenging the 
old hierarchies. • • 

the end; it is better for all schplars- an4 teachers to see their 

- common task. / . - * ^ * 

Ife is particularly imp'ortant to see science -as one ojg the great 
. achievements of fhe human mind and sf)ii:it. 



Metaphysical ' Considerations ^ * ^ 

What metaphysics is, 'in this context.: ^ 

l^ot speculartion about a supersensible realm, beyond experience. 

It means tHe study of the most .general categories for ^terpreting 
anything at all. ;6.g., thing, event, cfuality*. 4^ ^ * - 
Now some metaphysics is ueeessary for any rational discourseT^ 

There must be terms for dealing with the world as intelligible. 

All/discourse presupposes some world-view, ^ , ^ * 

A radical specializer^deriies thi^ necessity.^ ^ 

He appeals only to terms required within his discipline, > 

But he nevertheless has an implicit world-view which he assumes without 
examination, ' ^ . a L 

The dogmatic positivist is anti-metaphysical. 

But only at the cost of dismissing from rational. scrutiny large' 
-areas of experience*, e.g,., moral, ae^^thetic, religious. 

Recognizing this need for a 'general world-view supports ynified science 
^ aims. ' .V, 

It challenges thedtotal compartmentalizing of th^^discipliries. 

The general categories allow one to relate disciplines to one an£)the 

They also point to the ultimate unity of all knowledge. 

And for a view of the curriculum as a whole. 

■ \ ' . * , 

See Stephen Pepper's World Hypotheses for valuable suggestions on the 
metaphysical problem^ . > " 

He develops the notion of "rpot metaphors" as the basis fdr world 
hypotheses. 

Pepper identifies four about equally acceptable world hypotheses: 

1, Eormism (root metaphor similarity) . ^ Classical realism an exampl 

2. Mechanism (ropt metaphor machine ) * 'Naturalism an example. 
3! Contex-tualism (root metaphor event). Pragmatism an example. 

^4. Organism (root metaphor maturation process) .. Absolute idealism 
an example. ^ ^ , 

Each wpxld hypothesis ha§ its shortcomings, either of precision or scope, 

but also strong arguments in its favor. 
In practice, not in theor^^ an eclecticism, is the best one can hope fort 

It is a useful exercise to 'apply each of these world hypotheses to set 
up a view of . unified science. 



a unified field 



The' Aristotelian View of science was* formistic: classes^ categories, 

loosely' related. 
Mechan-jrsm is the most usual ky^tem for science, e.g«, 
' . theory. . 

But the problem is wh^^ to do about mind. Hok i'ntegra^t-e tnan- and / 
society with nature? u / , * ' 

Bridgmafi's operationalism was a. contextual basis for unified scierice. 
f But this tends tb be dispersive, like fonalsm too loo^ly articulated. 
Xei'lhard de Chardin's organismic view of science unites mind and matter,^ 
^ but leavjss unsolved some problems of how to interpret time and change. 

Such, world hypotheses are -useful not only as a b^^s for unified science, 
* but also for all other disciplines and for , handling the^ relatiAnsfiips 

among the several disciplines in t?he sciences, social studies, l^ahd 

humanities. ^ ^ * 
. .\ - 

My Suggested Framework for Discipline Analysis 
I hsive developed a scheme for interrelating the various disc 

scientific and other, in my, wprk Realms of Meaning . 
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This is based on a^ in4Mctive analysis of the actual procedures in the 
disciplines.. * 

The result ±b 4)?^^^^^^^ 9 basic logical possibilities, as follows: 

1. Symbolics (language and mathematics): General Form 

2. Empirics (the sciences): General Fact 

3. Aesthetics (the arts): Singular Form 

4. Synnoetics (personal knowledge): Singular Fact 

5. Ethics of situation: Singular Norm ^ 

6. Ethics of rule: General florm * • 

7. History: Comprehensive Fact 

8. Religion: Comprehensive Norm 
9f Philosophy: Comprehensive Norm 



It may 'be useful ta^re- interpret these patterns by means of an analysis 
of "elements"^^)|i "modes^" in the disciplines^ as follows: 



Element; 
Pattern Making 
Truth Seekifg 
Prizing 



Modes 

Concentrating; (Pluralistic tendency) 
Abstracting (MpnidPicltei(idency) 
7 Integrating (Dialectic tendency) 



Each element and eacljl mode represents a basic cognitive activity to be 
mastered. 

These are the iiigredients' in all cognitive inquiry. 
Every discipline is ^ p^^ticular mix and weighting of these elements .and 
modes. 

All are present/ i'n* every discipline, but with different weights. 

r ' » 

The basic "tasks , of tjhe several discipline groups are as follows: 

Pattern Making: Arts for the pluralistic mode 

Language and math&matics for the monistic mode 
Philosophy for thegdialectic mode 



Truth Seekii}(g: Synnoetics for the' pluralistic mode 
Science for the monistic mode 
History for the dialectic mode 
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Prizing: ProbJemat^Jcs for the pluralistic^ mode ^ ^ 

Normative Ethics r)Dr the monistlfe mode » 
Religion for *the' dialectic mode ^ 

Although^ these, are basic tasks, each discipline group also makes use 

of the other elements andmodes, as the following examples suggest: 

Physics has important dimensions of pattern making, in its use. of 
models, ' 
This suggest»s the value of relating physical science >to the 
» insights of the arts, to philosophy, and to mathematics, air 
•of wl^ich are concerned with pattern making. 

Biology requites the pattern making activity of language in^ its 
• taxonomic aspects, historical .considerations in its evolution- 
ary theory, s)^noetics in considering the process of individu- 
ation, and religion in connection with questions of ultimate 
cosmic development and orthogenesis* 

Economics makes use of mathematical models, decision technique4 of 
problematics, and the ethics of public policy. 

Anthropology includes synnoetic concerns for particular cultures,' 

the values of social norms, and the comprehensive orientations 
^f religion, " - 

Psychology '^sl^t^s to synnoetic considerations of * personal unique- 
ness aqd to problems of religion in relation to creativity, 
imagination, s3anbolization, etc, ^ 

- Geography utilizes , the arts of mapping,*, the problematics of resource 
dlstribu^^ion and use ^ and the ethics of public policy in 
relation to demograpl^, etc. 

History employs the art of dramatic recounting, tli^ philosophy of 

man, the synnoetic s of the particular event, the. gejier^lizations 
of ' social science, the problematics of decision making, the 
values of ethic prihciple, and the religious insights about the 
meaning of the human career as a whole. 

Such an approach shows that all inquirers are engaged in a common endeavor, 
but with different weigtiting of elements and modes. 

All Inquirers seek to answer these 6 great questions:^ 

1, What irit^ir^tdiig and useful structures can I design? 

2. What' is ttuth and how may my structures reveal it? 

^ 3, What is really worthwhile to make, to do, «and to know? 

4. What things are unique, new, and surprising? 

5, What things show identities? How may they be grouped into classes? 
6, . What is^the whole into which all things cohere? 
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"Science and Contemporary^Problems" 

. ' by -R. G. H. S^u . V ^ 



Dr. Ralph G. H. Siu is presently ^Chairman of the Members of the 
Aoademy for Contemporary Prdblems and a private Consultant in hxe^Qutive - 
strategy.\ He was bom' in , Honolulu in 1917 and received both his B.S. 
and M.S. degrees from the University of Hawaii:. His Ph.Q, is in chemistry 
from the California Institute* of Technology. 

' " / » ■ . 

. ^ He has been specially interested vH the application 'Of Eastexm . 
philosophy to Western science. His books include: The' Man of ^Manij 
Quatities (MIT Press^ 1968)^ The Tao of Science (MIT FresSy 1968)^ 
ccnd Microbial Decomposition of Cellulose with Special Refer^ce to Cotton 
Textiles (Reinhdld. 1951). . 

Introductl 



Up^ until the last three decades or so, sdlentlsts as a group have 
'not addressed themselves seriously to the question of*personal responsi- ' 
bility in- the application of knowledge. The general poslture of the 
majority had Been somewhat along the fatalism*of the average man on the 
street, who says: "You can't stop progress." Society itself seemed 
resigned to ineffectual mastery over -its destiny, as sciente and tech- 
nology set new boundaries and injected new effects 

During the last decade or" two, however, there has been itr&reasing 
attention to the inseparability t)f ;3cienc6 and contemporary problems. 
There seems to be mounting activity among scientists and engineers in 
political and, social matters. We need not go into details to prove the 
point. We need only mention the various Committees of Scientists and 
Engineers in the recent presidential campaigns as illuistrative'" of ^ 
professional involvement in "^practical politics on a natibnal scale, the 
Bulletin of Atomfc Scientists as illustrative of their commitment to 
social affairs, and the award of a Nobfel peace prize to a Nobel laureate 
in chemistry as illustrative ^o£ their successful venture on an inter- ^ 
national scale. ^ 

Overview 

I suppose it was partly because of the timeliness of this subject 
of science and contemporary problems that your chairman. Dr. Victor Showalter 
had asked me to speak to it. , . . ^ • • • . . 

My talk will be divided into three part^,. ^ First, the contributions 
of science to society. Second, the higher order effects of science and 
its impact on society. And third, a proposed post-graduate course in Unified 
Science Education in the light of these and other considerations. 

Contributions b£ Science to Society 

In discussing the contributions o£. science and, technology, we 
usually take either one of two standard approaches. We may choose to 
extol the glorious creativity of science — how science will usher in the 



14-karat" golden age of the tripl«e-tr;Lllion-dollar GNP, of the eluoidation 
pf the salubrious secrets of sex, of. the coupling of electronic devices "to 
the human psyche, and so* on. • / / 

' * V 

Or we. may choose to b^at our breast over the pessimistic ramifica- 
tions --how science is to' extricate man from his technological purgatory 
of pollution, depersonalization, mass killing, and other doom-and- glooms. 

Either treatment would, have led to interesting copy for .lay audiences, 
But;they are both old hat % to you. So I will bypass such eulogizing artd 
sermonizing. Instead, I yill mention two examples, not so much to show 
the way in which science arid technology can. contribute to the solutid^ 
of contemporary problems but, to emphasize the necessity of close coopera- 
tion between the scientific and the other sectors of society before ^ 
major social advances can be further realized. 

Let us consider health as the first example. J The contributions of 
medical science to health have been particylarly Jinpressive for the young 
since the turn of the century. The life expectancy rose jfrom 47.3 years 
at that time to 70.5 in 1967. For some reason, however, further advances 
since 1957 have been ^disappointingly low. Men living in fifteen other 
countries have" longer life expectancies than we do. Our relative ranking in 
infant mortality rates dropped from fifth in 1950 to ab^out twelfth today. 
At least five countries enjoy better maternal mortality rates than we 
do. The question is why is it that just when medical sdience began 
making great strides in this country — when Americans were being awarded 
Nobel prize after Nobel prize in laediciu^e and when the national expenditure 
for medical researph was being increaa^. an order of magnitude exceeding, 
the billion-dollars-per-year mark — w^began to lost relative health 
standing among the world societies? Whether the decrease in, our relative 
health standing is due primarily to our changing life styles, to the uneven 
distribution of food and medical assistance, to the misdirected elements 
of American science and technology, or to what else is hard to say. 

Our second example concerns municipal services. It shows the compli- 
cated ways in which a {^articular need' for scientific assistance arises. 
The schools, the hospitals, the garbage collecftion, and the rest of the 
municip^ services have been caught in a financial squeeze brought about 
in^arge^l^art, although indirecfdy , through the contributions of science 
arid':t^ehnology in another sector of our technological society. When tech- 
nology increased the productive capacity of, our manufacturing industries, 
the cost of goods was drastically reduced and part of the savings was 
passed on to the employees <dn the form of increased wages. In order t<^ 
be competitive, the wages of service personnel had to follow suit. 
Unfortunately^ there was no product to absorb the increased cost. -Further- 
more, the manpower requirements per unit of .service was actually going up 
with the years ^ instead of going down in many cases. For example, the public 
schools average ten per cent fewer students per teacher today than they did 
less than two decad^^r^^o. The cost per student in constant dollars almost 
doubled. The cost of hospitalization jumped twenty-two per cent in a single 
year between 1966 and 1967. There are far more private law-enforcement . 
personnel by way of campus guards, store detec(fcives,'^'and the like today 
than there are public police, FBI agents, and the like. The question arises: 
What can science and technology do to slow down this burgeoning cost of^ 
municipal services? 
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Unfortunately, the glamor of research and development activities 
• continues to** be making reputations and making money on new concepts and new 
products rather than saving money on old'-line servicers. So the urgent need 
femaina. Unless scientific and technological ingenuity is directed 
effectively toward driving down the cost of municipal services drastically, 
their mounting financial/ appetites will destroy the large urban centers as ' 
harmonious -communities, probably as fast as any other single inadequacy. 

'1 •■. * 

Hiphi&r Order.;Socletal Effects, 

We can see from this that the contriDUtionS of science and techno- 
logy are seldom unalloyed. Nearly always there are higher order societal 
effects accoirfpanying the first dr^er technological motivations. As 
Emerson had once said, "Nature never gives anytnlng to anyone. Everything 
is sold." Some of the result irjg higher order effects appear acceptable but 
others may not b#so, if we actually recognize them for what they are. 

. . . .-- • " 

The invent^^pn of farming, > for example, not only provided ajnore ^ ' 
cotitinuous supply of food) whid^i was the first order objectiv^^ but also 
gave rise to a mare stable society for the inhabitants and coiMort for their 
aged. Previously, the nomadic herders and food^ gatherers had to roam far 
and wide. ,The old were frequently left behind to die as the survival of 
the small clans required their moving on in search of food. 

As technological accomplishments led to directing the flow of energy 
from the wind to the sail in ships, men became capable of bringing food 
to others living wherg there was no food but wher^ there was timber and of J 
bringing timber to those living where there was no timber but where there 
\f as food. With this came hew spcial relationships. 

' *- * ■ ' ♦ * 

As societies became more technologically energy-dependent, professional 

specializations eTblved. The extended family of former days was no longer 

capable of* providing the minimum skills, for a livelihood. The head of the 

family was no*^l.onger able to asslgiTroles and responsibilities for the 

simple reaso|i\that the sustaining enterprise extended far beyond the confines 

of fhe family ^nd clan* T^e younger members of the family must look 

elsewheVs f or expertise and support. The conjugal units -move under the 

attractions^ of i:he high-energy processors. , 

Thus, it was that the decline in the social function of the family 
and in the social^ signlf icance^f the head of the household became a 
natural consequence. The dissolution^ of the family as a continuing cohesive 
unit became- an inevitable higher order effect of a high-energy technology. 

»'■■•'■■- 
A Post-Gfaduate Course 

^Once we begin to be concerned about -higher order effects, we find 
ourselves entering an exceedingly complicated realm, in which the available 
techniques of science and rationality Itself are woefully inadequate, 
tsl would like ta propose that a post-graduate course in unified science 
education be devoted tq ^his realm. 

. , T 

* The rest .of our discussion vill constitute a reconnoitering of the 
gelaeral orientation for such a course. In so doing, we will .touch upon 
some of the facets of the requisite l^^ind of enlightenment for effectively 
operating in that realm. We will be talking about the relevance of learning. 



18 



-9- ^ 




about multldlsclpllnary approaches, about Chinese baseball, about th^ 
Instantaneous apprehension of the totality^ and^ about the art of ^subsuming 
and resonating," ^ . 

Rele vance r , 

We will begin with the relevance of learning/ Since it was vocifer- 
ously touted during the students' riots ten years or so ago, the term 
relevance has now become hackneyed\ Yet it seems that the full implica- 
tions of the term have not been generally appreciated, TE may be well to 
clarify our own thinking on the matter* ^ > 

' One of the best points of departure is to distinguish the . phrase 
"ibeing related to" from the phrase "being relevant to Being -"^related to 
Something is not necessarily being relevant to it. 

Everything in the universe is related in one way or another to 
everything else, "If I move my hand," so the old saying goes, "the 
entire universe moves," The center of gravity is shifted and accordingly 
j^verything else adjusts an infinitesimal amount. In being related to 
Something, pace is of no consequence; time is of no essence; timing is ^ 
of no necessity. 

Being relevant to something, however, entails a healing reciprocity, 
ameliorating the everchanging discrepancies between status and desire, 
between possessions and needs. When patience is running thin, the sense 
of reality needs to be more tangible to be relevant:. When suffering is 
being endured, the sense of relief needs to be more significant to be 
relevant , . ^ 

Everything that has been, is being, and will ever be cogits^ted upon 
by jscholarso is» related to life in Sue way or another. But so what? — 
society exclaims in existential anguish, ^his might have been the 
unarticulated meaning behind many a student's troubled indecisions regarding 
the course of his education, and his dissatisfactions with the offerings 
of many a major. There are cogent reJasons to believe that the central 
and unique character of great scholarship is not being intellectually and' 
inspirationally related to mank^d, so much as being perennially and 
penetratingly ^relevant to it, so that human beinfgs can appreciate the- 
substance and meaning of life while livirfg it. <j <> 

If perennial relevance is one of the principal criteria of great 
scholarship and if-great scholarship is indeed the thrust of a.cademic 
learning, then there ^are grounds to fear that<|^he present campus arrange- 
ment of disciplines may ''not be optimal. 

Multidisciplinary Approaches l^^j^ 

The present arrangement of academic departments is geared primarily 
to the advancement of specialized knowledge within bounded disciplines. 
The limitations have been recognized by you and others for several 
decades. The polished manners of the traditional departments simply do laot 
reflect the. rustic ways of life. As a result, specialists from various 
departmentsVbav^ begun to pool their talents and come up with various 
alternatives to improve the situation. Much of the experimentation with 



19 



-10- 



0 



unstructured learning, spontaneous e^ipressiveness, consciou^riiess stimUla-w 
*• tion, ,ghetta participation, black studies, and so onrwas di?:0'Q,ted toward V 
this end of jpaking the curriculupi more exprejssly relevant to living. 

The greatest effort has been di^-ected toward the development of 
i|it6fdi9icplinary or multidisciplinary teams. You are familiar with these ;^ 
attempts, so there is no need for an elaboration on their nature. 

, . It has been my experience, however, that even in these multidiscipli*- '* 
nary programs, the mecibers continue t;o conceptualize iSegmented totalities 
in ^terms of their respective truncated specialties. Just as the students 
are being taught today,, their professors had also been taught to conceive 
of reality as afa accumulation of the viewpoints of specialists ~ not so 
much from the explicit statements of the teachers but from the very arrange- 
ment of the educational structure itself. . The outcomes of ;such multi- 
disciplinary efforts on contemporary issues other than purely inanfmate 
systems, more often thatl not, remain artificial nonviable compoirfltes of 
alternative .force-fitted modules, instead of the desired alternative • 
choices of viable feasibilities or actualities of organismic wholes. 

The essence of a student ript, for example, can nevet be grasped in 
a multidisciplinary task force by listening to a theologian on the action 
of God's grace on men's lives, then to a physicist on the equations of 
force, then to an economist on the pressures of inflation, then to an 
attorney on the constitutionality of violence, then to a psyc|jiatrist on < 
the transactional analysis, and so on. The thousand and one, bt|t of the 
infinite facets related to inan, may He analyzed in the thousand and one* 
academic specialties. But man cannot be appreciated in his reality and 
wholeness through this kind of endless repetitions of segmentations. 

It would appear, therefore, that the popular multidisciplinary 
approach, although a major advance over the former compartmentalization, 
still has ^ long^way to go before becoming capable of communicating the 
real condition of man. Reality does no^ recognize disciplines asf^^onjured ^* 
up by a commj^ttee of specialists still acting with the^ viewpoints of 
specialist^. Reality must be understood on its own terms. Not only does 
it amalgamate conventional descriptions but it also fuses understanding 
and feeling, learning and doing, thinking and caring. 

It is recognized that the educator must continue to live largely 
within the venerable traditions of the campus. Yet the pioneering 
* educator must be aware of their limitations and move them gently toward 

increasingly meaningful relevancy without destroying the* equally important y 
^ values that they have brought with them over the y^rs. • I have the feeling 
• that your own approach , to unified sci^ce education is moving in this 
\ y direction of transforming the relate^ness of aonveritilotiai .iearning to the 
relevance of wholesome 'living. 

But, as you have undoubtedly realized from your own experience, the 
path is not an easy one. There are many forMd able conceptual obstacles, - 
quite apart from the sheer inertia "of society>against change of any kind. ^ 
One of the more challenging of these obstacles is the handling of change 
itself. This brings us to the game of Chinese baseball. 
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Chinese Baseball 

li there is one principle , that we should bear in mind in dealing 
with contemporary social problems, it is Chinese baseball. By the way, 
how many of you have "ever playe6 Chinese baseball? ^ • 

Chinese baseball is played almost exactly like American baseball -yr 
the same field, players, bats and b^lls, mejthod of keeping score, and so^ 
on* The batter stands in the batter's box, as usual. The pitches: stands ^ 
on 'the pitcher '§' mound, a^.,usual. He winds up, as usual, and zips the baH 
down the alley. There' is one and onlY one difference. And thatMs: 
After the ball leaves the pitcher's hand and as long as the ball is in the 
air, anyone can move any of the bases anywhere. 



The real name of the game of living is Chinese 'baseball, rather than 
American baseball. It behooves us to learn it well if we are to deal 
effectively with contemporary problems. In other words, everything is 
changing all the time — not only the events themselves but also the rules 
governing the events and the criteria of values. One must- keep his eye not 
only on the fast-moving ball but also on the fast-shifting bases as well. 
American baseball, with its fixed bases of reference, is played only under 
certaiiji specialized and controlled circumstances, in which the "scientific 
method is so well suited. It is not representative of the usual social 
dilemiltas. 

Instantaneous Apprehension of thfi Totality 

It is because of the recognition of this ever-changing feature of 
social reality, in part, that the old Taoist masters had identified the 
mark of the wise man as the instantaneous apprehension of the totality. 

The key word in this, phrase is "apprehension." The Taoist masters 
assert that reality is not porfrayable in words. They would have little 
to do' with mathematical modeling and analytical techniques as the prime 
basis Tor decisions affecting man. The essence of life is ineffable. 
They wduld place no faith in words and equations as the final arbiter of 
one's social choices. As the proverb goes, "The wise inan does not speak; the 
talented man talks; the stupid man argues." Reality is grasped not 
thri)ugh rationality and understandings but through apprehending, feeling, 
sensing, and such'inef fable avenues — like a person falling in love. >• 

^ ^ . -» 

This brings to mind the Important distinction between symbolic 
Icnowledge and intimate knowledge. A person with only symbolic knowledge 
but no ii\timate knowledge about humor, for example, is ode who can tell you 
all about the difference between a pun and a conundrum, tlya names of all 
the great comedies ever played on Broadway, the antics of the jester in 
the- court, of Peter the Great, ai\d, so onand on, but he can't cjrack a joke 
himself. 

When dealing with human issues, it is the person who can get things 
done rather than the one who can only explain why it cannot be done that 
we usually prefer. Generally, it is the person with the gut feeling 
rather than the one with the verbal explanation. Of course, there is always 
, the complete person who can do both. Perhaps such gems of personality will 
cdme out of your post-graduate course in unified science education! 
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To be most effective, the person must respond instantaneously — at 
the moment when it counts^ Everything is to coalesce in the instant — like 
a knock. When 1; l^ock on this table, the sound doe's not wait £or an 
explanation of the impact before it issues forth. The impact and the sound, 
the cause ani^the effect, all occur in tlae instant. i ' 

O . , ' , ' 

Not only d6es the wise man apprehend things and events an<ir apprehend 
them instantaneously , he also apprehends the context in which they are 
Imbedded and that context id thd totality. There is no need for me to 
repeat the 'story of the blind men and /the elephant. Nor is therd^need - 
to belabor the commohsense admpnitions ^out seeing the big picture' or 
getting the whole storyy However, you may be interested in a comparative * 
observation on the relative effectiveness between the so-called wholist 
strategy and, the so-called partist strategy in sblving-problems. 

The wholist strategy begins with the totality, so that all fafi*t)rs / 
are included in the net of consideration. The strategy then successively 
eliminates unnecessary and less relevant components, until the desired 
equilibrium answer is reached. In this case, the answer at any given 
moment is always correct butj with varying degrees of impurities. ^ 

In contrast, the partist strategy begins with an assumed collection ^ ^ 
of related factors as the cause. The strategy then successively tests 
different combinations and permutations of factors. In this cas^, the 
answer at any given moment is always precise but wrong, until the correct 
one is found. 

Some preliminary experiments had actually been dpne some years ago in 
jRomparing the effectiveness of the two strategies in the solving of 
/problems. Given infinite time to complete the task, either strategy will- 
deliver the acceptable answer eventually — provided, of course, the 
important factors do not change in the interim and Chinese baseball does 
not hold. • I 

'when only a limited time is available, however, the test showed that 
the wholist strategy is superior. Since the factors impinging on contempor- 
ary problems are continually changing, since time always s^^s severely 
limited, and since we cannot afford to be wrong- on the major decisions 
affecting man, it would appear that the wholist strategy Is the preferable 
one in general. This again stresses the instantaneous apprehension of 
the totality ai^ a most desltjable trait even for practical . situations, ^ 

J Subsuminfe and Resonating 

To be real^l^stic about the matter, however, very few of us are paid 
to teach the totality. We are assigned only specified bits and pieces. \ 
But in teaching these specified parts of the totality, w,e are expected 
to give meaning to them. How we can go about maximizing such meaning is, 
of course, of direct significance. I would, therefore, like to stress thi^ 
aspect by subsuming and resonating. 



Let us see how it wouJ^ be applied in your own interest of unified 
science education. 
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In this connection, I would like to recall the first guideline on • 
the- preparation of a unified science unit, as described in the Autumn 1973 
issue of Prism II , According to this guideline /'the unified scienc'e. 
unit is to be organized around one of four themes. These are: 1) a big 
idea or concept that pernleates all science, 2) a process of scUence, 
3) a natural phenomenon, and 4)' a persistent problem of the science-J.n- 
society type or from within science itself. 

If we ekamine , these themes carefully, we will note that they may 
, actu^ly extend far beyond the boundaries of the natural sciences apd 
even^eyond. those' of the! social sciences.. Take the first theme: a 
conceV or idea that permeates all sciepce. It can well be that such a / 
themt permeating all science.^ight dlso permeate all human concern. As ' 
a matter of fact^ a philosophically-minded person might even argue that a 
, theme, that permeates . all sciences oon only be formulated in a language 
that trcmseends the sciences' themselves. 

You have lent some credence to this interpretatiojn in your own approach 
to unified science education. What you seem to have said in effect is 
that by mean§/Of some unified perspective of all the sciences, a 
specialist in one particular science would be better able to appreciate 
its significance within the sciences to a much higher 'degree.* He would 
gain a broader-based perspective in what he ±b doing in'hls specialty. 

In applying the art of subsuming and ^ resonating, we will first have 
to select the level of our operational concerh and the level of our • 
contextual concern. If we must insure that our stuOents receive their 
credits in chemistry when they apply for admission to college pr graduate 
school, for example., we may regard the specialized sciences a^p our level 
of operational concern. The unified science then becomes our level of 
contextual concern, which is to provide the broader-based relevance, 
perspective, and meaning to chemistry. 

•Subsuming Would suggest a atep beyond the level of operational 
concern. In unified science education, therefore, this would suggest a 
dissolution of the boundaries between, say, chemistry and physics, as you 
are trying to do. Dissolving* the boundaries alone, however, would lead 
us right back to the very pitfalls of conventional multidlsciplinary 
approaches, of which we have just spoken. We would ^-end up with an intellec- 
tual quilt, in which different patches of chemistry and physics are sewn 
together. * ^ 

In the way we are using the word, subsuming means much more than 
mere dissolution of boundaries. It mea^p^. an assimilation, an assimila- 
tion akin to the molecule of carbon dioxide ^being assimilated into 
carbohydrates in photosynthesis> There is an actual disappearance of its 
being in the higher synthesis. 

Yet since we are operationally interested in chemistry, we cannot 
afford to lose track of it. We must, therefore, still retain'the identity 
of the conceptual entities called chemical principles, which would flow from 
the context of the subsuming whole. We w^ld resonate" the identifiable 
conceptual parts called ch^ical principi?fts against the- unified conceptual 
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whole called unified science and^ice-versa. Out of this 8uJ^umiflg and 
resonating, we achieve the sense of belonging —that ^s, meaningful 
relevance J The individual part is given a place in the scheme of things 
and the scheme of things allows for its individuality. 

^w, if we wish to give greater meaning to unified s^cience education 
as a whole, we would then adopt unified science education as 'the operation- 
al level of concern.. We would subsume it within a transcending context 
which we may (^11 for the moment , unified learning. Finally; we would 
resonate the Conceptualized component of unified science' education against 
the corice^^uisrlized whole of unified learning and vicerversa. 

f . . ■ 

, We can extend this progression intd successively larger contexts. 
Eventually we arrive at the mark of the wisf man, which is, as we have' 
mentioned, the instantaneous apprehension of the/tpjtality . This 4s the 
orientation that are proposing for a post-graduate course in unified 

science education. i 

/ \ • 

' . - ' . s 

Concluding RemarTCs 

In cloaing, I would like to suggest that one of the greatest 
deficiencies underlying scientific attempts at the resolution of contempor- 
ary problems is the vfector quality. We do not know what direction we are 
really heading other than more M the same. We lack the transcending 
contexts to give lasting meaniiig and value to much of our operational 
concerns. ^ . 

For a particular science to be^ truly meaningful^ it must be given a 
perspective and a vector within the context of unified science. For 
unified science to be truly meaningful, it must be given a perspective - 
dnd n vector within the context of unified knowledge. For unified knowledge 
to be truly meaningful, it must be given a perspective and a vector within 
the totality of man. The 'parts must be subsumed within the whole, yet 
keep resonating with the whole- and with each other,. 

In -this way, unified science education will always be ot)erating In - 
the 'vectored instant — always in the instant of action with the vector 
. of social beneficence. 
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"Understanding Our Woi^d" 
• by Erwin M, Segal ^ 

Dr. Erwin M, Segal is presently Aaapoiate Pvofeaeov in the Department 
of Psychology State University of New York at Buffalo. He was bom in 
1936 and received his B.A.^ in psychology and physics from The University 
of Maryland in 1957. His Ph.D. in psychology with a minor in philosophy. 
Was obtained from T}ie University of Minnesota. 

His professional interests are in the fields of psycholinguistics, 
theoretical psychology^ experimental design^' and' Inman learning. Among 
h%8 numerous publications is The Game of Spience (Brooks/Cole^ 1969) wnich 
he co'-authored with G. McBain. 

Since the middle of the Nineteenth Century and before, scientists 
and natural philosophers' have been fighting a major war against mysticism, 
magic, and their allies. Although the war has been bloody at times, for 
the most part it has been a war of words and deeds to gain control of ' 
the mind of man. One problem that we face today as scientists is that the 
war has, for clfe' most part, been won and the few enemy ^ that remain h^e 
erected strong defenses against the major weapons in use, ^ot only are 
those weapons no longer functional, but may actuall/'be self-defeating. 
Still, many scientT.sts and supporters of science continue to use them. 
It is time to re-evaluate our weapons, to select from our stockpile those 
that still work, and to discard the rest. 

General knowledge of the world in primitive and medieval society 
consisted of being aware of the many ghosts, goblins, and godsvthat in- 
habited aod ^controlled all of nature. The bas^c mode of explanation of 
any event was that some independent source of action was the direct cause. 
For example, if, someone became sick, he may have been punished for his 
sins by some consciousness which was imposing the infliction on him. If 
he acted strangely, he was possessed by some demon; if his crops failed, 
it was because some god or other was displeased and was punishing him. 
If an event occurred that was unexpected or slightly different from the 
ordinary such as a comet appearing, some god some^re was angi-y and 
thi^re would be hell to pay. If something good happened like a bumper 
oif the birth of a healthy son, the persW had done well and the gods were 
plWed, Natural event,s such as the^lrth^or death of a baby, the running 
of water downhill, the , growing of wheat, tR^ coming of a storm, w^re all 
understood by the play and counterplay -of natural, animkte, and super- 
natural forces. The world was populated Aby souls, ' gods, and demons which, 
by the way, not only populated our .world/ but other worlds that we may ' 
have had some feel for but no knowledge kbout, 

\ • . . . 

Scientific models and methods developed in this world which was 
populated by magic and nQ^sticism, It was against these .enemi^fes that J 
science^/Mmed its mightiest weapons. It JLs true, of course, »that the" 
enemies ^ve not been vanquished; they are relatively 'weak, but witches, 
mysticism,^ and demons have not bpen exorcised from western man. Exorcists 
axe 'still exorci^sing them one at a time with a large amount of support from 
from a surprisingly large part of society! 



1 

As you can see, the world g^at we lived in, until the Renaissance 
and beyo^id*, was peopl'ed and generally filled with many different kinds 
of natural and ^supernatural things. There were conscious pot^r6 and 
forces Controlling us and making things happen. Science did live in 
the world prior to fihe Renaissance and some scientific explanation of 
events was proposed but^ for the most part, it - that is , science - did 
not attempt to lay claim to the general napufe of things. Therfe wer^ 
Greek scientists such as D^mppritus and Archimede:^ who had articulated 
a natural theory of motion; Aristotle had a physics which explained", 
according to what may be viewed as natural reasons, why the earthw&s 
t thB center of the universe, and both he and Ptolemy had some ex*\ 
lanation of why certain "stars*' wandered from their poBition amov^ 
.the others. Even some early scientists .made enemies. FoV example, 
Anaxagoras was prosecuted for impiety b^pause he believed the sun and 
mooA were not alive, 2 an^ we all know the problems of later scientists 
sucfh as Galileo and Bruno, ' 

Specific Battles - General Principles 

I dqn't have a scholarly or detailed knowledge of the history of 
ideas, but I would think thar the battles between ^the naturalists and 
the supernaturalists were waged in the beginning only in the specific 
domain in which a disagreement occurred. rather than over a general 
characterization for Understandings bhe world. I also believe that the 
advantage, for the most part, went to the naturalist, partly through 
technological advancement^ One problem with the world filled with 
unknown beings is that one cbuld try to appease th6m, but" one^aeould 
not control them. The natural philosopher,s and technologists, to the 
extent that they were successful, could demonstrate that they knew what 
they were doing.^ It may be that the stronger god was on the side of 
the victor— but if one ^idfe had cannon and the other swords, God was 
invariably on the side of the cannon. Gods may have directed some men 
through the storms 'of /the sea, but if the captain had a lodestone, he 
knew where he was going during the, storm, etc. ^ 



Starting with modern philosophy, perhaps Descartes — or Copernicus — 
or William of Occam, there was a tendency to eliminate the supernatural 
as much as possible and cI^Sthir\more and more space for natural processes. 
Williaip of Occam suggested that if anything could be explained with ' 
fewer entities, more should be avoided. 3 Exorcise the demons. That was 
early in the Fourteenth Century. Copernicus applied that principle of 
parsimony over th6 mathematics of the heavens, and in so doing attacked 
theological .explanations.^ Descartefil, after studying mechanical contrap- 
tions such as fountains and music boxes,, and viewing drawings of gross 
anatomy baded .on human dissection, sug]^(^sJt:ed .that all events of the 
physical world including bodily function could be explained by natural 
processes, most likfi^ly by the laws of Mechanics. He kept a^ an exception 
only that part of tlhe behavior of man that was controlled by his free 
wlll.^ So with the start of modern philosophy, a suggestion of natural 
uncierstandlng of the vast majority of the world was made. 

J 

By the Nineteenth Century, the scientists were feelitie their oats. 
In 1845^ four soon to be famous physiologists, Brucke, Liidwig, DuBois- » 
Reymond, and Helmholtz, actually mad a pact to fight vitalism — to eliminate 
mystical forces, even from mind and behavior— specif ically to allow only 
physico-chemical forces to be used to explain events in physiological 
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system8.\^ By the end of the Nineteenth Century, naturalism^'^d the v 
battle eg^inst supernatural forces all but won, ^ 

*A • . , ' : \ • V'. ^ • •■ • 

In thi^ Nineteenth Century, ho>/ever, certain individuals, with prior 
support" froiij important scientists and philosophers like Newton and 
Hume, atteni^tjed to commit the final exorcism and to make sure mystical 
explanation Hjisappearedr,^ljtogether, They were the positivists, Comte, 
in the earliet\^ part of the Nineteenth Century, and Hach and qthers later , 
took the strongest definition of Occam's razor and claimed only those 
entities that are the most necessary, only thbs^ that. are directly* 
sensible are allowable into science, 7 For them, if you can't feel it, 
see it, ta^te it., smell it,„ or hear it, it is not there and cannot be^ - 
used in understanding the world, 

Twenti^h Century\ Views . » 

The position of the positivists and very similar positions have, 
in the Twentieth Century, become a major f orcein the philosophical 
description of what* science is and what it ought to be. The demons of 
the Eighth Century have been exorcised by the positivists of the'- 
Twentieth Century, \In what state does that leave understanding the 
world? Right now many, if not most, philosophers of sciencB, physicists, 
and psychologists are positivists or have strong posit ivist learnings, : 
They believe that fundamental concepts, as well as data, are determined 
by the observations that one makes in as objective and reliable way as 
possible. Scientific knowledge, or knowledge of the wot Id, consists ^ 
of statements which are at base inductive generalizations of these ob- 
servations, , All terms that they use as bases for understanding are 
either names of observable events or defined in terms of observable 
events, Th^ir only goal as scientists is to get a simple description of 
their observations and potential observations, 

^ ^uch o^ the theory of spi^tif ic explanation in the Twentieth 
Century has been developed either within a positivist framework o^ as 
minor extensions of the positivistic framework. The ^Twentieth Century 
positivists, particularly logical positivists, were quick to point out 
tha,t any statement ,,that could not be verified by perception or through 
the senses was non-sense, and they meant both meanings of the word,^ ^ 

The logical, positivists, again following Hume, argued that there 
are two kinds of statements that can enter scientific discourse^ First, 
t^iere are analytic statements, the statements of logic an^ mathematics, / 
Thesg statements make truth claims that can be determined by the meat^ijvgs 
of the terms themselves and need no external verification or confirmation. 
They include oply definitions and tautologies, ,statements such as "A 
bachelor is not married," "2 and 2 equal 4," and "It is either raining or 
not raining here now," were considered either definitional or derivable 
from definition's. One knows all logical facts for certain because,^ 
given the meanings pf the terms, there is no empirical information which 
could falsify the information; they a^ true in any possible universe, ^ 

The second kind of statement was the synthetic ^ empirical state- 
ment; these are statements which can. b6 verified by Observation, These 
include such statements as "Grass is green," "Acceleration of a freely 
falling body Is constant," "It is currently raining," etc. Particular 



empirical statements can be cohfirmed by observation, but universal 
'^empirical* statements, since they are only indict ive. generalizations f^N^ 
the par-ticular, can neve r^ be known for certain. Thus knowledge of the 
world is always tentative knowledge. Certain knowledge is limited to 
tautologies and current obseryatfbns.^O . ** 

Although the^jj^tiviste made claims that, as far as scientific 
knowledge Is concerned , one never knows for sure, they* were deathly 
afraid of coming to^erroneous conclusions. If ever a theory was later 
disavowed, someone could show where that theory was not appropriately 
verified, , It 'had -some component oV other that could not be teduced to 
observation/ Thus, it was claimed 'that the theoretician had not^ 
followed scientific methodology entirely. It was believed that tfiose 
components which were scientific remained true and only the nonsensical 
y material would be rejected. It is for this reason positivists decided 
that: Aristotle/ s comments about natural places and about nature 
abhorring a vacuum; Newton's comments on absolute space and time; 

's defense of phlogiston; the belief in the^ ether; and so on, 
-scientific claims^ 

Since the principle of verification wa^ the primary prii^iple of 
logical positivism, and since Anly verified statements are admitted 
into the body scientific, the discussion of what can be verified and how ' 
\ it can be verified became a major source of Inquiry by those seeking 
scientific knowledge of the world. The positivists^ tried to observe these 
principles. 

Only those terms which can be verified have meaning; if they cannot 
be verified, they. are nonsense. Verification, and therefore meaning, 
was dependent upon empirical support. The meaning of a term became its 
method of verification,. ^ 

I have neither the time nor the inclination to go Into detail on 
the troubles and modifications "that went into the development of 
positivism. Suffice it to say that in the early positivism of Hume and ^ 
Mach, terms were defined by the sensations which accompanied them. 
Since sensations are personal - I have mine axtd you b^ivp y6urs - it is 
difficult to use them as the basis o£ a' public enterprise. The logical 
positivists later used- ost^nsive definition as the ultimate experiential 
^base for terms which had high "Intersubjective testability," in other 
words, terms that different people could agree were descriptive of the 
phenomena. These would include such things as identifying a cqlor as 
red, or a surface as smooth, but mostly, for maximal reliability, they 
preferred pointer readings on a mechanical instrument. 

Another doctrine that has high support in philosophy, psychology, 
and physics is called operationalism. In this form of positivism, a 
term or concept ip defined by the procedures by which it is measured. , 
It is this position that .leads to such insightful definitions as 
"Intelligence is what an I.Q. test measures," and "Electricity is the 
deflection of an ammeter." This sort of definition ran wild in psycholo- 
gy in the 1940's and 50's, and -for all I know, may still be- very popular 
in some circles. Skinner, for example, defined "hunger" a^ number of 
hours without food,-^-^ and Hull defined "habit" as number of reinforced 
trials, 12 ^ 
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Scientists. who claimed to work within one or another positivist 
framework included Mach, Heisenberg, Bohr and the Copenhagen school\ 
of physics which currently dominatesKthe high energy field, and Skinjier, 
Hull, aiid Tolm^n, the three major developers of behavlori^tic theory 
in psychology, Bohr developed, for example, the complementarity posi- 
tion which is accepted as absolute truths by many physicists. ^ 

Positivistic Explanation for Light Phenomena ' 

Prior to 1900, most physicists believed that light was a W|ve similar 
to the wave 'that appears in a body of water when a pebble is thiroxm in 
it or to a wave that may occur in a rope when you htold the end and give 
it a flick, of the wrist. As we all know, a wave requires a 'medium to 
travel in. No' substance moves when a wave travels. Only energy moves 
due to repeated local effects in the medium. Michelson and Morley 
hypothesized that if the earth was moving through the ether, and by then 
everyone knew the earth moved, waves going in different directions and 
returning to the starting point must take different amounts of time to 
travel the same local distance. However, several experiments showed 
the light always took the same time and modification had to be* made in ^ ' 
the ether theory. Positivists eoncl|ided that since we could never see' 
the ether, we should have never hypothesized -its existence in the first 
place. The complementarity position claims that under certain circum- 
stances light and other electromagnetic pfienomena must be treated as a 
wava. The Wave description explains interference phenomena, diffraction,^ 
and so forth. Under other circumstances, the description that is adequate 
to describe the phenomenon is that of a particle — as in th^^scases of ^ 
the photoelectric effect*, Brownian movement, whole number features of 
energy transmission, and so on. The wave or the particle in eSch instance 
is seen as d e s c r ip t ive — no t explanatory-- and we cannot find or even 
hypothesize any underrlying reality and still be scientists. Since each 
of the modes of description has its own observational contexts and the 
two ccntcxtc differ, it is argued that both the wave and theparticle 
descriptions are accurate. This makes sense from a positivistic view- 
point since each context defines the method of verification which is the 
definition of the term. What the character of light is in reality is 
of no consequence, and as far aa science is-^-concerned, a nonsensical, 
question. ' \ ' N 

Shortcomings bf Positivism ^ • . 

^ The positivistic approach just outlined may work as a reconstruction 
after the fact to describ'e observable events, but in no way does it 
account for the actual scientific process as practiced by real scientists. • 

Recently, certain individuals, rather than simply reconstructing 
the history of science from their own particular point of view, started 
looking in some detail at a few hist ordx£^i^" cases in the development of 
science. Several of these individuals haV come to conclusions that have 
a great deal of similarity, although they differ enough to have battles 
in the literature. J-3 Three of these individuals dre Thomas Kuhn, 
Norwood Russell Hanson, and Paui K. Feyerabend. *^ Kuhn's 1962 monograph 
for the ^International Encyclopedia of Unified Science , "The Structure of 
Scientific Revolutions," is the book that rekindled my interest in the 
philosophy of science and got me to rethink what the scientific enterprise 
is all about.. Hanson wrote a 1958 monograph. Patterns of Discovery ,, 
describing the process in which scientists develop theories'. Hartson 
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also wrote several very enlightening articles on fc)^e picture theory of. 
theory meaning which I think is an accurate ^account of' scientific 
theory. 1^ Feyerabend has many articles-'-^ on problems of formal 0cien- . v 
tif ic methods which I also have found very' enlightening. I think th^t 
each of these scholars takes a position that is consistent with my view 
of natural scienc^^ although Kuhn may be les^B committed to a particular 
view of science. , . . 

The Nature of Science 

^ ' I'^was taught in my science and philosophy courses as a student that 
the most important characteristic of science was its method. I believed 
that for a long time, and even now I cannot completely reject it. I 
think that 'methods ^re important — but as tools, iiot as the product. 
Science's maJoiT contribution is an attitude and a \my to think about 
t>ur world in all of its manifestations. Kant realized this but Hume 
did not. Science is not a limited method in which one has ,some h3rpothe- 
sls about an* observable sequence of events and then observes whether 
that sequence occurs or not sq the hypothesis could be verified or refuted 
as the hypothetico-deductive method implies. Nor is science an in^er- 
rel^ed set of stat^ents which has certain observable dectuctions which, 
in the appropriate situation, can be observed. What science is, primarily, 
is a way or mode of understanding nature. It is a way of understanding 
our world. The historical term which identifies those who accept scien- 
tific explanation is 'Inaturalist" or "natural philosopher."^ Of course 
science should be studied in k unified manner. There is only on^ world 
In which* we live and ;^a1T aspects are generally studied from a single 
orientation or point of view. That is tJasic^ly what Kuhn meant when 
he said that a scientist does his work from a particular paradigm. 
However, all scientific paradigms have cert^iin characteristics that they 
share or ought to have char'acteristifes that they share. 

The. scientific or naturalistic way of undex: standing the world is 
that events in the world proceed in an orderly fashion. They are riot 
capricious , and they are notf controlled by some unknown intelligence ' that 
can, interfere with the ofder at will. A scientist believes that the 
events which he or she observes caar1)e understood because they vflow in 
an orderly fashion from some undOTlying reality. If he or she can 
intuit what that underlying*" realir3c^j^.»^hat is observed can be understood. 
Since our observations are not very contiguous and regular^ we assume 
that we see only part of the reaiity. The cliche of the tip of the 
ijcebeifg is^ appropriate here, either as anAanalogy, o£ as an example. 
We know that the natural processes of a liquid imply that if An objec^t 
floats in it, the object displaces a volume of the liquid equivalent to 
its weight. Since ice is only slightly lighter thari cold water, we 
assiime'that if it is floating in water, most of it. is displacing water 
and we cannot see it. . 

Science is tough— -it is not* an automatic process that can flow in 
simple order from methodological, prescription. , I do not exjpect computers 
to do science for a long time. Science requires-' that one make use of all 
possible intuition and creativity. Man must inv&nt the underlying regu- 
larity in nature since man cannot see it. The underlying reality is 
just as real as the pbservations that cpnfirm it. I do not believe that 
any practicing scientist disagrees with this regardless of what he says 
on the matter in public. . 
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. .^Let's consider the simple example of a stick. We observe a straight 
stiJ^. It is put halfway into some clear water. We see a B6nt stick. 
*We Lake it qjit. We see a straight stick. Although Mach claimed other- 
wise, everyone believes that the stick was still straight when it was 
in the water. Why? We could believe that some poltergeist lurks in all 
.clear water to bend sticks and confuse us. Instead, we choose to believe 
some wild story such aS. light, which usually tr&vels in a straight line, 
chooses to bend when it comes to, the water-air surface and, although 
we cannot see the light rays, we see the effects of the bending. The 
underlying reality of rigid bddies and local effects of ligjit. rays. can 
be put into a coherent framework^ of ' rigid bodies and light rays in other 
situations so we understand nature better, by postulating regularities 
of performance under a variety of conditions, because the underlying 
reality is coherent. 

As scientists, we build a scenario from which the observable and 
observed events flow naturally — even automatically. To the extent we 
succeed, we have evidence that the scenario that we build is an ^accurate 
one. If w^ fail, we attempt either to construct a new scenario or to 
modify this one to account for whac is observed. Another aspect* of this 
method is to extend the natural processes identiJtled to figure out how 
fo generalise them so that- they e^ount for observations which have ^ 
heretofore not been conceptually cbnnected to the original scenario. 
A theory that extends in a simple and natural fashion Into new domains 
has high chances of retttainin^ operable for a long time in^ the domain 
of .science and to play a major role in understanding our world. 

The scenarios, the proposals that we make^ about the underlying 
reality, are the fundamental bases of science. We also assume that thi^ ^ 
underlying reality acts in a regular and coherent way, so if it has 
certain characteristics, they will show up whenever the conditions are 
ripe. The purpose of studying methods in science is so that we will 
know how to find out what those regularities may be — in the most efficient 
vay possible. *^ 

Scientists May Not Understand Science . 

Many scientists, and some veiy famous ones, do not understand the -r 
general nature of their discipline, although in moat specific sitxiationS 
they may act ka I have described. Einstein became^ aware of this before 
*his Herbert Spencer lecture at Oxford in 1933. A]ffthat time he uttered 
the now famous statement: • 

"If you want to find out anything from the theoretical < 
physicists about the methods they use, I. advise you to ^ 
stick closely to one principle: Don*t listen to the 
words, fix your attention on their 4eeds."16 * 

It was at this time he pointed out that, although he had claimed to be 
a pdsitlvist for many yeats, he now realized that he was in fact a 
realist. Not a naive realist because he knew quite well that our obser- 
vations are fallible^ He was a realist who believed that our observations 
could be explained by au underlying reality.- Since this reality could not 
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be.seen^ it had to be constructed by human intelligence. To quote. 
Eipstein once more: ' • 

"We are concerned with the eternal antithesis between 
the two inseparable components of our knowledge, the 
empirical and the rational ... .The structure of the 
^' system is the work of reason; the empirical contents 

and their mutual relations must find their representa- 
tion -in the cpnclusions of the theory. In the possib- 
ility of such a representation lie the sole value and v 
ju&tif ication of the whole systeiHy and especially the 
Goacepts and fundamental principles which underlie it. 
Apart from that, tHase latter are free, invent ioiis of 
the human intellect , which cannot Jbe Justified ei^er 
by the nature of that intellect or in any other fashio 
a priori." 

Even though Einstein, thought that a rational theory must have 
empirical Justification^ having empirical Justification was not .enough 
to support a theory. I will quote one comment he made in which certain, 
supposed facts., fit other theories better than his own. "In my opinion, 
both their theories have a rather small probability, because their 
fundamental assumptions concerning the mass o£ moving electrons are not 
explainable in terms of theoretical systems which embrace a greater 
complex of * phenomena *"17,v Before you get the idea that perhaps this was 
a" later senile Einstein talking, you should realize that the last quote - 
was made by him in 1907 when he still envisioned himself as a strong 
posit ivist. ^ 

Galileo was suf^posed to be one of the first modern scientists. - 
Wh^t kinds of procedures did he use^ We know that he made a telescope 
and looked at the planets. He supntosed^-y saw the four moons of Jypiter 
and the craters on/jhe moon. We also heard that the professors 

ref jised ^to look through his scope' because they were fearful of what 
they would see. But Feyerabend reports a detailed case study of 
Galileo and it sepis that many people did look through the telescope 
at the heavens. ^ t also seems tha^ those who looked disagreed about 
what they saw. G^ilao did not have good telescopes, and what was seen 
in matiy instances tould be refuted by the* naked eye. One sometimes 
saw double stars o^ the same magnitude where only one was seen with 
the naked ey*©. Colors were sometimes seen' around the edges when the 
naked eye showed none, and so forth • 



Moreover, Coperndcan SUieory, as advoqated by Galileo, was obviously 
refuted by the naked eye^ would predict large differences in ^^ 
brightness' for Venus and up to a factor of AO. Yet the differences 

are quite small, i magAitifiMand -A magnitudes respectively* . The events 
on earth also clearly refuwfcg Copernicus. Objects which fall can, easily 
be seen to f ajl in straignr line towards the center of the earth. 
Cannon fired to j{the east and west went the same distance and those fifed 
north or south'^ravele4 accurately Vathcr than missed on the west.-'-^ 

In fact, seeing the moons of Jupiter in no way confirms Copernican 
theory— so there are 11 moving heavenly bodies rather th^in seven, i Also^ 



32 



Galilean dynamics, even if true, do not prove geocentric theory. 
Although seemingly refuted, Galileo thought that the Copernican system 
mad4 sense and events seemed more natural. Moons could go around 
Jupiter on the earth, and all could go around the sun. -There seemed 
to be conceptual harmony. In addition, although the telescopes were 
poor, the brightnesses of Venus and Mars, seen through the telescope 
did seem to be in :line with Cope\nican predictions. ^ So 'a feeling for 
consistency in nature plus arguments which seemed to work against the 
obvious experience of the non-moving earth laid the foundation for 
modern science— not as some would suppose, inductions from observables. 

Science in Everyone's Life ' 

It is unlikely that we can all be Galileos but we all can learn 
from Galileo. The methods we use in 3cience should support our ideas 
ancf^ concepts, not precede them. Our goal as scientists ls/^t,0 make 
sense out of our experiences; to use our knowledge of other events and 
experiences; to use our intelligence and intuition, to account for 
those sBxperCences by filling in the interstices. If we are successful, 
the>/ exp^iriences can be seen to follow naturally from the general 
concepti^^. ' ' ' 

We shpuld be aware that inventing the appropriate framework is* 
• sometimes very hard work and sometimes we invent faulty Solutions. 
However, that does not mean that we should give up and Claim the ex- 
periential description is the best we can do, nor that we need super- 
natural intervention to fill the interstices. It just means we are not 
finished. 

Scientific inuitions can be developed and with it perhaps scientific 
att;itudes. If someone is working on a problem and. he can see the frame- 
work of an orderly solutioi^, he more than likely will be able to accept 
natural explanation and to work out the details fully* In other words, 
he is- more likely going to be a scientist. If he is only given a magic 
show, he is more likely to eqCiate science with magic and become one of 
the 36% of Americans who believe in possession by demons. 19 

I have seen — presented as science — a mercury hammer drive a nail 
after the mercury was submerged into liquid oxygen; someone speaking in 
a squeaky high-pitched voice aftef inhaling helium; sparks flying into 
milk bottles after dropping a match into the' bottle, and many more. I 
have also seen magicians turn liquid into solid, pass coins through 
^ solid barriers, and so on. The magician does not tell how he does it 
and, in many instances, neither did the scientist. There is a tendency 
to mystify. What we need, at least in part', are simple phenomena and 
^ an explanation of those phenomena. We could then progress to more 
complex phenomena and perhaps a way to generalize our earlier explana- 
tion of those phenomena. In addition, we need a natural framework to 
view certain complex phenomena, even when we do not currently have the 
mechanism/g^ worked out. 

In the behavioral sciences, particularly psychology, many, if not 
most, people do not see a natural fifamework for an ^explanation and have 
retreated to the possibility or even pr6bability of mystical explanation. 
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IVo-mechanlstlc approaches^, behaviorism azld psychoanalysis ^ ^have claimed 
the minds of many of us as the framework for understanding behavior. 
However, mechanistic approaches have been ^shown to be limited In physics 
and the two psychological ones are both unable to handl©^ certain 
behaviors and cannotr specify the way they might bccur.^ Because of this, 
even some biologicafl. scientists have been rettirnlng to the possibilities 
of mystical modelsr to ftll the interstices. 

I cannot explain^,why people^ee flying saucers nor why they believe 
that demons possesst, people. I do believe that people'^s actions and 
^^bellefs can be expl^hed by natural processes. We know from the analy^ 
s^ of conttol systems by korbert Weiner^O that all one needs is infin- 
itesimal amounts of Energy to control large energy sytstems and, ^Iso, 
that the pattern of events can be more important than the quantity of 
energy. These patterns can be studied conceptually and natural regu- 
larities ^an be found. We kriow, 6or example, that if you hear seyeral 
sentences about a given topic (i.e.', if you are on the receiving end 
of a discussion), you may remember the sentences as auditory strings but 
you will not understai^ them that way. ^ Rather, you will conatruct^ an 
accurate representatl'on of an integrated scenario and use that for your 
decisions. We know thls^ ^ecause, under ^ the appropriate conditions, 
people can ansWer question^ about inferences from the dialogue faster 
and better than questlotig directly concerning the dialogue. We know 
something about how people rememjjer and tise the Information they 
receive. The underlying descriptions of this knowledge may be gener- 
allzable to regular cultural patterns of belief. ^ 

The major character of naturalistic understanding of our world 
is an attempt*to construct or Invent a coherent underlying reality from 
which observations flow naturally and automatically. It is not to 
articulate sentences which have logical connections among them and others 
which correspond to observables. The sentences used by scientists des- 
cribe a reality — they^are not themselves .fundamental objects in a theory. 
If we think of the sentences and the observations as the only reality, 
ve leave many conceptual interstices and no b^sis for understanding. 
Each observation becomes an Isolated reality* and terms have no meaning. 
.^Ith 1984 near and positivism rampant, we can claim that a wave is a 
particle and a twin is both older and youjager than her sister. I may 
also claim, with more logical consistency, that the stars compel me in 
4 particular fashion because of the time of my conception or that the 
devil made me do it. 

Conclusion 

In conclusion, I have argued that attempts at understanding our 
worldiJias taken one of three different forms. First there was the 
animistic or supernatural form. Events occur because some intelligence 
wills it and^ makes it happen. The decision processes these individuals 
use carlnot be deeply* understood but We might get some results and could * 
perhaps predict and explain what happens by either appeasing or 
threat/enlng the doers of the actions. In this framework of understanding 
the wprld, the world is peopled^y many mysterious and unknowable forces. 

In opposition to the supernatural position, a positivistic theoret- 
±ca][ position developed. This position claims to be theoretical since 
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it concludes only that which is conclusive. There are in this position | 
nb supernatural entities causing the events in the world, but no natural 
entities either. The position is in reality totally unknowing of why 
anything occurs at all. To the extent that the positivistic framework 
is followed, all we can ever have is description of those events we \ 
obsetve and we could nevQr really understand our world. ^ n \ 

The third poaition, the one* that allows for the greatest qre^'tivfty 
and intuition in our quest for understanding our world, is the one that 
I have dubbed the naturalist position.' In this theoretical position, we 
assume that a systematic ^and coherent set of natural phenomena underlies 
our specific experiences and we as scientists try to hypothesize and' 
hypostate what those underlying principles and processes are.' To the 
extent that theyWgive a simple and accurate explanation. of the phenomena 
we observe, we accept those hypotheses and h3rpotases as true explanations 
of our world. This latter position suggests that., rather tnkn emphasize* 
facts or even methods as the foundation pf science, we should emphasize 
understanding. We should emphasize that there are entities and processes 
in the world that function in ^ orderly and. predictable way from which 
observations derive. And finaily, there is the possibility that, if we 
can invent the .underlying reality, all events in our world can be under- 
stood. „ » ^ ' 
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^'Unified Science Education - Today and Tomorrow" 
by Victor M. Showalter 

Dr. Viator Showalter is presently ^Director- of the Center for Unified^ 
Science Education. He was bom in Dayton^ Ohio, in 1927 and received . 
his B.S. and M.S. ^rom Otterbein College and The University of Wyoming. 
His Ph.D. i^^th science education from The Ohio State University. 

He was a founder of the ^ Federati(^ for Unified Science Education. 
His publications include Man and the Environment (coauthor j Houghton 
Mifflin^ 1971). He has received the Gustav Ohaus Award (1972) and the 
STAR Award (1960). ' ^ 

The present status of unified science education is somewhat 
difficult to appraise. The reason for this difficulty is that I would' 
like to avoid the use of numbers because numbers are so , impersonal and 
can not provide an adequate picture. However, in the limited time 
available, it seems that numbers are necessary. • 

Today we know of about L70 unified science programs in the wotld. 
Of these, there ar^ about 150 in the United States. Some of the programs 
are taught in gro^s of schools. Others are taught in singla; school^. 
Some involve whole nations. There are ,,further differences that become 
apparent when one looks closely at the programs. In fact, a character- 
istic of unified science programs, taken as a grdup, is their diversity • 
And yet, we* in FUSE have believed for a long time that in diversity 
'there is strength which is intensified* by a general unity of purpose and 
basic philosophy. 

»^ ' ^ 

The status of unified science is such that the numbers have increased 
and so has the diversity. The initial meeting of the group that folnmed 
the original^ FUSE organization was conve|ied here in Columbus in the 
^summer of 1966 - eight years ago. The group was csmpoaed of representa- 
tives from eight schools. These eight plus one that was unable to send 
a representative were the sum total of unified science programs known 
to exist in 1966. (1) This w^s a relatively slow begintiing considering 
that we initiated the first unified science program here at the University 
Laboratory School in 1969. And-yet, if one looks at a time' plot o£ the 
number of existing unified science programs as-David Cox did last year, 
the curve looks very exponential (1 in 1959, 9 in 1966, 170 in 1974). 

The first annual meeting of FUSE brought togeth,er eight people who 
were 'interested in developing^ programs that dissolved or at least 
minimized the differences and boundaries between the science^ for school 
instructional purposes. The name FUSE was suggesteci^ndependently by 
Carl Pfeiffer of Monona Grove, Wisconsin, and by Leo Klopfer, then, of 
the University of Chicago Laboratory School. 

It is apparent that the short history of unified science education 
can be interpreted to suggest that unified science is ^ the "coming thing." 
However, as many of ypu haye heard me ^ay many times, this^ in itself, 
is a bad reason undertaking a unified science program. The history 
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of ^erican education is full of innovations undertaken for the v/rong 
reasons which in the loftg run "killed" some pretty gopd ideas. Thus, I 
believe that we in 'FUSE must be very careful not to catalyze any 
bandwagonv effect relative to unified science. This doesn^t mean that 
we should completely avoid some proselytizing. It doe^s mean th^t we 
should not picture unified science as a cure-all which it is not 
anyway. 

Much more important than the fact that we can show growth in the 
numbers of -unified science programs is the fact that the concept of 
unified science education has continued to grow and evolve.^ When the same 
people that met in 1966, talk about unified science today, it is'vety 
apparent that the idea has gone beyond its level of development then. 
I believe ..that the idea il^till ' evolving and that is one of the excite- 
mentfe of being involved in unified science today* 

Just what directions this continuing evolution will take in the 
future is hard to predict. It seems that every new program that is 
initiated takes a «6t^ in that direction if for no other reason than that 
which the unique characteristics of the school situation itseif impose 
on applying a unified science approach. 

Up until 1972, thje FUSE group alone was responsible for disseminating 
the concept of unified scierfce on a more, or less informal basis since 
we all had •other fulltime jobs. There was some mutual help in developing 
instructional material's through a sharing of materials, outlines, etc.^ 
that we each had developed. 

In 1972, the National Science' Foundation (NSF) provided a grant 
to FUSE -to establish the Center for Unified Science Education. This 
was a landmark grant because it marked the first time I know of that ^ 
NSF has provided such a grant to a prof ession'al. association of teachers 
that was not primarily associated with one of t^e well established 
academic science disciplines. The grant is also significant because it 
maifks a change tn emphasis by NSF from focusing on science subjects as 
such to focusing' on xa goal of achieving scientific literacy by learners. 

The creation of the Center has had an impact on science education in 
both the 'United States and the world. I believp. that an examination of 
Center correspondence files documents this assertion adequately. The 
creation of thg Center has also had an impact on FUSE itself,^ even though 
it is a, functional branch of" FUSE. A major part of this impact has been 
on the annual FUSE Conference. • 

In the past few years, a major function bf the annual FUSE 
Conference has been to disseminate the concept of unified science education. 
Since the last FUSE Conference (October, 1972), the Center has conducted 
ten regional, intensive two-day workshops in various parts .of the nation 
as part of its funded program. ^Jia^ workshops have had a total of about 
800 participants. An additional estimated 500 people have had active 
contact with Center activities in one way or another. The current number 
of people receiving the Center journal (Prism II) . worldwide is nearly 3000. 



The annual FUSE Conference now can concentrate on the frontier and 
speculative aspects of unified science education while the workshops 
deal mainly with the transmission of ideas and techniques that are already 
fairly well developed. This does not mean that the workshops have been 
devoid of creative activity. However, it has constituted a rather small 
proportion of the overall workshop activity. 

' ) ^ 
It, '^ould be noted that every regional workshop has been staffed 
by people from the Center plus FUSE activists from^the general geographic 
region of the workshop. Thus, the workshops conducted by the Center have 
retained many of the cooperative aspects that, typified early. FUSE efforts 
and which were (and are) probably the key to their success. 

Even though the activities of the Center Have formalized some of 
FUSE members' previously informal activities, this does not mean the 
latter have been pre-empted 6r are no longer needed. 'In fact, there are 
many specific things that need to be done if unified science is to 
fulfill its potential. I would like to mention five such things in 
particulai^. ' . ^ ^ • 

Passive Evangelism 

'First of all, it is necessary that all of us become or continue 
to be passively evangelistic. Now I don't mean that we should be out 
shaking tambourines. Biit, we should let it be known in our own part of 
the world that we -are interested in unified science education, that we 
have done some serious thinking aboiit it, that we either have an ongoing 
program or are considering one, and that we are available to share our 
ideas and to become involved with other people with similar interests. 
One way to do this is to write, articles, contribute papers, make talks, 
etc., whenever possible. Potential audiencei^fange from local, state, 
and national science teacher organizations, to seirvice clubs, local 
Citizens, "and colleagues in the same school or school system. 

Articles and talks could include^ case histories of unified science 
programs, blue-sky specultations onNfuture directions of unified science, 
results of research and evaluative studies, descriptions of unique 
unified science units, etc. 

Continued Progress 

If we need a slogan to insure continued progress in unified science 
education, we might take our, cue from a bumper sticker .that I often • 
see. It says, "Keep On Truckin'." ' Ours should read, "Keep On Learnin'." 
If any of us -ever feel we have achieved the ultimate in unified science 
curriculum development, we are done. We will have lost the vitality 
that has been so characteristic of FUSE. 

There is a type of natural reluctance to continue to explore new 
ideas that seems to afflict both teachers and farmers. I have often 
referred to this reluctance as the "Old Farmer Syndrome." It^is based on 
a more or less true incident that occurred in Carrollton, Ohio, a few 
years ago. In Carrollton, the county courthouse is situated on a park-like 
square. Many of the area farmers congregate there and sit around and talk. 
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The county agricultural agent lias found that this is a good place for 

him to contact the farmers and try to interest them in attending meetings, 

requesting literattfre, etc., designed to help them farm better. 

One day as I was talking to the county agent on the square, he 
point;ed out one old farmer who had never attended a meeting, never 
requested kny literature, and, in fact never showed any interest in 
learning how to farm better. ' So I went over and- asked the old farmer 
why he was not interested in learning anything new.' He responded 6y 
saying, "Why should I go to 'the trouble of learning anything new when 
I'm not farming half as good as I know how to already?" 

And so it is with many teachers. If I'm not using all the tech- 
niques and materials I already know about, why learn about more? Just 
doing a good Job of what I'm doing now requires all the available time. 

Now I am certain that all of us here realize that the times change 
and what we "knew" yesterday may not be appropriate for today. I am * 
certain of that because, after all, here we are at the FUSE Conference. 

Evolutioti of Unified Science Programs 

Since most unified science programs are locally developed, they 
have a uniqueVpapjability to evolve in time. They are able to respond 
to'^changes in student needs, community concerns, school emphases, etc. 
In many ways, locally developed unified science programs are much better 
equipped to play ''Chinese Baseball" as described by Ralph Siu. (2) You 
may recall that in this game everything is normal except that after the 
pitcher pitches the ball and before it reaches the batter, the fielders . 
can rearrange the bases. The name of the. game may be the ^same afterwards 
but some of the "rules" have changed. And so it is with science educa- 
tion in a rapidly changing world. It is possible to make adjustments 
at least "between pitches" whpn the framework is- that of a locally 
developed unified science program. 

And so if progress^ is to continue, those of us who have ongoing 
unified science programs must not overlook this unique capability to 
adapt that we have. We must continue to make a conscious effort to 
facilitate evolutionary change. 

A necessary condition to continuing evolution of a unified ^science 
program is the presence of a working philosophy, theory, or guidelines 
which establish the goals of the program and' state the premises on which 
content selection and instructional methodology are based. 

The ZAP Factor 

The ZAP factor is and always has been a prime ingredient ""of every 
successful science program, whether it be unified science or not. ThJLa 
factor symbolizes' the ineffable character of warmth and appeal to each 
participant's sense of fulfillment that^ makes the difference between an 
ordinary and a memorable science program (or scierilae course) . 

I'd like t> to illustrate what I mean by a true story. A few years ago, 
I had occasion to teach a 12-week unit on outdoor science to a combined 
group of seventh and eighth graders. One of these weeks was spent at 
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Camp Kern near Fort Ancient, Ohio. Djiring this week, each participant 
was involved in * four half-day classes dealing with paleontology, botany, 
geophysics, and zoology. Each participant then condupted an^individual 
study in one of these general topics during the last three days of the 
week. The area was unusually good for paleontology* because of the great 
abundance of fossils (Ordovician) in the many ravines. Rather frequently, 
a student would find a trilobite and when this happened, there was a lot 
of exhultation. Everyone would rush to see it and the finder was a 
hero at least for the rest of that day. Th^j^^inding of a trilobite - or 
even just the possibility of finding ojie was one of the ZAP factors for 
this particular program. 



One evening, one of the BbUdents came to me with an extremely 
serious and concerned question. This particular young man had made a 
decision to do his individual study in geophysics .prior to our going 
to the camp. His question was, "What is f the geophVsics equivalent of 
finding a ' trilobite?*" 




I think my answer satisfied him that there really was an equivalent. 
More importantly, for him, a ZAP factor was made apparent. I had not 
accomplished this previously for the general topic of geophysics, but 
ever since this incident, I have tried to identify the trilobite 
equivalent for whatever t was charged with teaching. And this is what 
we , need to be certain we do in unified science because it is sometimes 
easy to lose sight of in the press of doing other things. 

Avoiding Commercialism 

The eclectic nature of most unified science programs is one of . 
their greatest strengths. If a set of instructional materials for a 
one-year unified science program were commercialized and sold as an 
instructional package, this aspect would be lost. On the other hand, 
if a set of instructional materials is made available in parts without 
commercial strings attached, the spirit of eclecticism is not only 
retained but is fostered. We in FUSE have Justified our faith in curricu- 
lar diversity on the premise that the only instructional program that is 
taught in the spirit it was conceived JLs ttjat which the teacher has had a 
hand in developing. Therefore, we must be careful not to do too much 
for teachers incother places in out sincere effprt to be of help. Just 
where the line should be drawn is difficult to determine because it may 
be^different for different school situations. 

It seems to me that the dividing line beyond which extra help 
becomes self-defeating is between the module and unit -levels. The latter 
are used in ^specific ways at the Center: a "unit" is a more or less 
self-contained segment of a unified science program which lasts about six 
weeks at the high school level and a "module" is one of several comp6nent 
that constitutes the^ unit and may last frcrm two to ten days. This means 
that modules may be derived frbra an external source but that the sjmthesi 
of each unit shoyld be done by the team of teachers that will use them. 
Those of you who have attended Center workshops will "see" this dividing 
line more qlearly because of your experience with what ye call the 
"modular unit."* - / . 
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Energy Imperialism ^ ' >. 

•There Is a real and continuing ne^d to exploit sources of energy 
that are potentially .useful In unified science curriculum development., 
We must especially seek out and exploit those human resources ip the 
local scientific and higher education conmuliities* The Center is a 
resource for unifie^d science curriculum development* f or all groups, no 
matter how distant. However, if that distance is much greater than one 
or two' hundred miles, the amount^^hd kind of assistance that is -available 
becomes limited. All resources should be u^ed,'bu't local resour<:es are 
the most useful ev6n though their very nearness seems to cause them to> 
be overlooked all^vtoo easily. 

This does not mean that a local university scientist should be 
enlisted automatically in a local unified sclancfe, development prograi^. * 
There must be some selectivity because 'it is becoming Increasingly 
apparent that some (many?) scientists are not very scientlf ically llt'erate. ' 
It seems that a person can be a very good and successful scientist without 
really understanding the nature of science as a holistic and humanistic 
endeavor. He or she can know everything (?) about a given I'fleld" and 
yet be unable to see the characteristics that link it to other fields. 

Two examples of this situation were encountered^in the preparation 
bf this conference's program! One scientist frankly admitted that he 
commonly draws "solar system" sketches representing . atoms as reflecting 
literal truth as opposed to a convenient sch^feme to explain certain 
phenomena. His concept of model is poorly developed, but this shortcoming 
does not apparently Interfere with his dally work. 

Another scientist, when asked to speak on the topic of "population"' 
and how the concept is used and applied in his own field, responded that' 
the concept was not used in his field. However, after a minute ov two 
of explaijatlon rescinded, he said that he had never really thought about 
things that way and yep, he would like to speak* on the topic. 

0 Another indicator of this situation was reported by Jungwlrth in the 
February, 1974,' issue of the Journal of College Science ^Teaching . He 
reported that some items on the Test On Understanding Science (TOUS) were 
answered incorrectly by significant proportions of 21 professors (in 
identified major fields) at the Hebrew University. 

I believe that all of these examples reflect a growing demand ^that ' 
teachers of unified science at all grade levels must take an increasing 
responsibility for determining exactly what it is from science th^t should • 
be taught to all learners. This increased responsibility also gives an 
unusual opportunity to review all of science '^nd. make some rational 
decisions on what constitutes scientific literaty and how these decisions, 
caii be Implemented in 'the curriculum. ^ 

It should be evident that this respbhslblllty is one that is continu- 
ous. It reflects at one time not only the premise for unified science 
education but also what is necessary if unified science education is to * 
fulfill its prospects of profound Influence on science education in general. 




Unifying Concepts of Science 
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*^The premise that there aife a number of powerful cbncepts that 
permeate all the 3pecialized sciences has been assumed by many contem- 
porary groug,s working to develop unified science programs at various 
education^^evels. Most individuals in these groups have science * 
backgrounds that are limited to one or two of the specialized sciences. 

It was intended that the' series of panel discussions conduc^ted* in 
this part of the FUSE Conference would ei^ble five of these pervasive 
concepts to be examined from' the position of several diverse specialised 
sciences and. thus extend the perspectivea of those interested in unified ^ 
science curriculum design and development. 

"* • 
In addition, it was hoped that each panel's discussions would 
identify related and/or subsipaed concepts and illustrate applications 
of the main concept in several of the specialized sciences. Thefee, 
then, could be used by unified science curriculum groups directly In; 
furthering their work. The five concepts for discussion were selected 
from the list published by the Cer\iter for Unified ^ Science Education and 
included: "system," "equilibrium,]' "model," "cjrcle," .'and "population." 
Each panel treated one of the five concepts concurrently. i. 

The summaries of the presentations atxd accQligpa|iying discussions have 
been prepared directly from the tape recordings by^the editors. The 
tapes of the full sessions are available On loan from the Center for 
Unified Science Education. Each is about eighty minutes long. ^ Except 
fox some 'contributions made . to the discussions by participants other than 
the panelists, the audio quality of the tapes is satisfactory for group 
listening. . . ' . 
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Systems 

Panelists: , Dr, Daniel Rowland^ VvofeasoVy Management Soienoe^ 

.Ohio State University . . ^ 

DrC Stiiart THprsonj Assistant Professorjj PolitioUl' Science ^ 

Ohio State University 
Dr. Donald Woodj Profesborj Industrial Design ^ Ohio^State^ , 
University ^ • - ' . 

Chairman: Dr. John Rheinfrankj Assistant Professor^ Industrial 
JDesignj Ohio State University 

RHEINFRANK* - Our pmrpose here today is to discuss the concept of 
"system" and some-x?£ the critical features of this cQnc^t that occur 
in our particular work.^ In some ways, the concept of "^ystem"j repre- 
sents what science ought to be instead of what science has been. In 
this .respect the concept oi "system" gives people in different 
disciplines a common working paradigm or methodology to the end that 
they can work more effectively toward- solution of very practical 
problems. The range of disciplines that are able to use "system" 
seems limitless at this time. ^ 

A very simple definit^^on of "system" that we can use in our 
discussions is^ "A complex of interdependent elements interacting 
within an environment." It should be noted that the "environment" 
referred to here could be on ^^ny scale from the submicroscopic to the 
macroscopic to the universe. Th6 use of "system" leads to a view of 
the world that goes beyond the atomist;ic. The latter describes much 
of the history of science in which tradition (Jl€f^ed that sit&ations 
be dissected into their simplest components b^ore study. The systems 
approach is a reaction to this approach and aims to provide a coherent 
picture as opposed to a collection of fragmentary pictures. 

ROWLAND - There are certain kinds' of problems that must be viewed 
across disciplines. These problems typically are those that involve 
a multiplicity of probable causes. An example of such a problem is 
the automobile accident that results in a person's death. The death 
could be viewed as being caused by faulty brakes or heart* failure. 
Technically, neither view would be wrong but also neither would be 
right if our ambition would be to prevent similar deaths. The systems 
approach and the concept of '"system" are especially appropriate for 
handling this kind of situation. 

teven though this example is oversimplified, it can also serve as 
a framework from which to make an important point about the systems 
approach. The point is that there are three different and more or less 
mutu^illy exclusive operating principles on which to base a systems 
approach. These are: 1 - instrumentalism, 2 - optimization, and 
3 - homeostasi^s. In the first j one believes that If every stage in a 
process is done right, the total effect will be all right. The second 
principle involves specific delineation of the goals to ^e attained 
and then working toward the most efficient way of attaining them. The 
third assumes that in a normal condition there is more or less a steady 
state and that interacting factors either work toward that , end or 
actually adjust to produce that end in the long run. 

No matter which' operating principle, is invoked, the whole business 
requires objective data and therefore adds reasonable and desirable 
rigor to thinking about a problem. This tendency to shift from biased 
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opinion to an objective data base is representative of the whole 
business of science and therefore promises real progress. 

■ 'k 

THORSON - There seem to be two types of "system" ideas in operation. 
One is the metaphorical idea that typifies early application^ of tiiB 
idea to political situations. The other has more precision and is 
; often labeled "mathematical." Both tjrpes are useful when applied * 

properly. • • 

There are three questions ,Jto be answered or decisions to be made / - 

in using the systems approach. The first is tq identify the system / 
that is to be considered. To a large extent t\i±3 involves setting ^ 
arbitrary boundaries of the system as it exists either in reality or 
in one's mind and there may be, no difference between real and envisioned. 
The second question involves analyzing the system in terms of input and ) 
output relationships. The third question involves the type of repre- 
sentation to use in describing the system. Thfs last question will be 
determined by many factors including the kind of data available, the 
desired function of ejid product, the "personal preferences of the 
investigator, etc. ' . 

Ordinarily the desired function of the"" end product"^ to underst^and 
and eventually control varying inputs in. terms of desired outputs. In 
political science tfiere seem to be both goal seeking systems and adaptive 
systems that can provide the necessary thought structure fot, these ends. 

In real life, each <of us tends to "like" systems With *r£latively 
few variables^ and which are responsive. In a responsive system,^ if we 
do something, we see the result^ within a relatively short time and in 
reasonably tangible terms. However, many important systems are neither 
simple or responsive. They are complex with many variables and any 
effects of our manipulating one or more of these variables are either 
sltow in happening or intangible, or too microscopic to he detected, or 
some combination of these. A formalized systems appi?6aQi3,can thus ^ 
enable us to handle many variables and to look at* lc(ng Yange consequences. 

A further use of a systems approach is that it enables us to ask 
questions that we otherwise could not ask or could ask only in very 
general terms wHich in turn could not be investigated scientifically. 

WOOD - Painting is an alternative form of reprefiienting a system. The 
artist is aware of the dynamic interaction^ of elements ^uch as shape, 
^j^olor, form, texture, etc., in a field. This is a possible answer to ^ 
Thomson's third question. " 

AUDIENCE - Is there a cojiceptual, threshold or prerequisite knowledge 

before "system" can be taught in the school^ Probably 'not, provided 

one was careful to' restrict the learning to concrete situations for - ^- , 

young children and to match the level of sophistication of older learners. ' 

In fact, there is probably good reason to begin a study of "system" at 

an early age considering its universal and unifying value. • * 
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Equliibrlum ' 

Panelists:* Dr. 'Dean OuerCj Assooiate Pro feasor ^ Ohio State 
University J psychology 
Dr. Dagobert BritOj Associate Professor^ Ohio 

State University^ i^qononrics 
Dr. LoTvy Andersoiij Associate Professor^ dkio 
State Universityy chemistry 
Chairman: Dr. Roberf^^^f^iner^ Assistant Professor^ Ohio 
State dn^i^rsityj science eduoatioj^^^^ 

BRITO - Economics Is a "relatively young sclence"^^^Wtelt "most of the 
theoretical work done In the past fifty years has 'people whose 

basic training was In the physical sciences." Thul^Wt Is not surprising . 
that many concepts such as equilibrium have been borrowed from the 
physical sciences. * " ^ 

The "old supply-and-demand" concept Is like a kind of equilibrium 
condition In which the price of a certain object Is associated with an 
exact match of the amount supplied and that demanded. Of ten, conditions 
like this are more or less "stable i" depending on hqw sensitive they 
are to changes In external conditions. 

Sometimes a market situation seems never to reach an actual equilib- 
rium. The price of pigs may go up In response to an Increased demand * ^ ^ 
(or shortage of pljs) which Is followed by an oversupply and subsequent 
falling prices. The cycle may then repeat. ' 

The concet)t of equilibrium may be used to explain why. In a v6ry 
mobile society, the "normal" unemployment rate Is but lower In- a 

less mobile socletv^/Thls percjentage represents the number of people 
In transition frpmone job to another at any 'given time. The concept may,- 
also lead to a ^ther sophisticated expression as in Richardson's 
equations. 
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ANDERSON - Chemistry uses "equilibrium" in a "rigorously" Refined way 
that is probably unique among the sciences but, when applied non-rlgoroualy, 
has some observable similarities to its use In'other sciences. A "stable" 
condition is a kind of equilibrium in which some specified "macroscopic 
property does not change." A condition of "balance" Implies that ther,e 
are two simultaneous and opposing processes in which there'ls^o net 
change. The "mobility" of a system refers to its "intrinsic capability" . 
to change from one equilibrium state to another. 

Any use of the equilibrium conceTpt, regardless of field of applica- 
tion, requires that a relatively large number of entitles be Involved 
whether they be pigs, as in economics, or molecules, as in chemistry. 

OWEN - The function of "equilibrium" in psychology is that of an 
"explanatory mechanism." As such, it is one of many that have been ^ 
borrowed from chemistry, physics, and physiology and are used "by analogy" 
in psychology. The probable first use of the concept in psychology was 
by the Gestalt psychologists in which the normal "mental state" was 
viewed as not simply at rest but being subjected to many "forces" to 
which adjustments were made to 'maintain the equilibrium condition. On 
a more sophisticated level, this has led to "adaptation level theory." 
Adaptation to distortion of visual figures and color based optical 
illusions can be explained with this theory. 
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Per soti^lity theory, Freud:' s theories, Festinger's cognitive 
dissonance (I.e., disequilibrium) are f^ifrther examples of application 
of the concept. In general, "equilibrium can be an explanatory mech- 
anism for a very wide range of problems in psychology .. .but there are 
also cases In which It seems It should work but It doea not." 

DISCUSSION Of the several questions raised, one seemed' to have special 
significance, "Since it seems that natural systems tend to react to 
establish an equilibrium, does this hold trife in economics?" Dr. Brito's 
response waa^that there are two schools of thought in economic ; one would 
say "yes"; the other woul^/say, "no"; and a'^ great deal of heated discus- 
sion would follow. " ^ 



J 
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Model 

Panelists: Dr. William Danoey^ Aaaiatant Professor^ Ohio State 
University^ archaeology * ^ 

Dr, Frank Verhoekj Pvpfesaor^ 9hio State University^ . 
ohemistry 

' \ Dr. Ralph Hennen^ Computer Center j Ohio State 

Urviverbity^ ecology 
Chainnan; PaziTT^'olobinkoj Center for Unified Science Education^ 

Ohio State University 

DANCEY - Models are statements of relationships between categories of 
data. Archaeology is relatively unsophisticated in the development and 
use of models. For example, one of the first models used in ar'chaeplogy 
(in the Nineteenth Century) related man's predominant use of stone, 
bronze, and iron to time periods, hence the Stone Age, Bronze Age, and 
Iron Age. This is an ikonic model and one of a low degree of sophistica- 
tion. 

Presently, mathematical model and computer-generated model use 
in archaeology is increasing. A major problem in archaeology is "how 
to relate and model much of the mass of darta now on hand," One answer 
to this problem Is to apply models developed in' oth^r disciplines to 
appropriate archaeological- data. An example is the application of an 
ecological model in relating climatic envii;omnental change and pre- 
historic sequence in the U. S. Southwest to changes in human population 
size and distribution with respect to area resources. The model attempts 
to explain (in a simplified sense) the candying capacity of an area in 
terms of the human population. Essentially, the model postulates that any 
environmental "zone" has a resource potential which controls the popula- 
tion siz^ of that zone. When the carrying capacity is reached, the 
population size stabilizes by emigration, for example. Data related in 
this model come from dendrology, number of rooms in dwelling's, etc. 

The above example exemplifies the following features of tnodel as . 
used in archaeology. 

1. Models structure research; tliey specify categories of data to ' 
be related and the relationship between them. 

2. Models give direction to research and delineate the scope of 
research. 

3. Models are "borrowed" from other disciplines and applied to 
situations other thaB» those for which they were developed. 

4. The appropriate application of models in archaeology requires 
"kiTio^^lng the discipline (of archaeology)." 

5. The models used in archaeology contain terms or expressions 
which are very often Imprecisely expressed or defined. 

VERHEOK - Science 4'produc^s!' obseirvations then uses models to produce a 
unified picture of the observations, that is, they are related by tfie 
use of models. Models are used to explain that which is tinfamiliar and 
not understood in terms of that Which is familiar and better understood. 
An example of the unfamiliar viewed historically, would be "gases" 
which are '"simply" explained in terms of familiar billiard ball inter- 
action. . ' 

^ A more sophisticated and comprehensive model of gases is expressed 
as PV = RT where T = temperature, P,= pressure, oV'= volume, and R = a 
cotistatit. This fcinetic Mplecular Tl^eory or model (some^ people use the 
terms "theory" and "model" synonomously) superceeded earlier models 
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developed by Charles^ Boyle, HooXe, and/ othe^rs. Over a period of time, 
models evolved from postulating that feases consisted of springs which 
expanded and contracted with temperature change t0 postulating that 
gases consisted of particles In constalnt motion, increasing or decreasing 
in velocity with respective change^' 1^ temperature. 

Problems arise in teaching wlieii -familiar analogs are used to . 
explain unfamiliar phenomena, but in actuality the analogs are also 
unfamiliar to many students. More time and "effort are devoted to explain- 
ing the analog -than the phenomenon itself. This requires students to 
learn two things instead of just one. 

»HENNEN - The dictionary definition of mpd^l is "representation." The 
definition of a mathematical model is "the set of intersections of a 
number of sets." 

Models may be static (descriptive) or dynamic. An example of the 
former is an organizational model of government. Dynamic models explain 
"how things wotk." They may be continuous, e.g. , exlplaining movement 
of water in a river. Or they may be discrete, explaining phenomena in 
a "snap-shot" sequence as a single instance of a predator capturing its 
prey. s . 

Ecologists apply models in determining "what is going' on in our 
environment." In environmental studies, environmental systems are 
modeled to determine the co^isequences of man's actidtis on the environment 
and to assist him in making decisions in regard to his actions. For 
example, a "river-flow'^ model whose components include the flow itself 
and the cycling of water .between the river and surrounding area via 
evaporation and condensation, plants, animals, etc., is useful, in predidt- 
Ing the consequences of such actions as damming a river, ^e power of 
this model is<. that it is cheaper than working directly with the river • 
itself. i 

Another example of an ecological model is a "forest-model." The 
components include the horizontal "layers," such as, canopy, sub-canopy, 
sBialler trees^ and shrubs, ground cover, as well as mortality, etc. The 
model helps explain population dynamics from layer to l^yer in relation 
to man's action on the forest. The model does rtdt need to include all 
characteristics of the forest, e.g., diversity of species of trqes, etc. 

DBiSCUSSION - It was pointed out that the river and forest models as 
presented are simplifications, that is, the features of • the phenomena are 
separated. The usefulness of the models results from taking each feature 
' and specifying its functions as' if it functioned independently of the 
other features. Thus, there is no attempt Interpret oliservatlons in 
terms of some Inherent structure or process. Therefore, is* anything new% 
learned by separating the features of a river? ^ 

In response, it was -stated that the* river model's purpose was not 
to generate new knowledge but to predict the Impact of man's actlona on 
rivers. The forest model does predict new relationships. 

Models were said to have different levels of complexity, l.e.^ they 
expl£d.n more observations until a model is identical to the real world. 
ThereWas agreement that simplicity has to be one feature of models. The 
model must be simpler than the phenomenon being explained, otherwise 
there would be no point in making models. 
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.The question was raised: "Since our observations related to the 
atom are * secondhand , * can we say that the model of the atom Is simpler 
than that which Is being modeled?" The response was: "Yes, If you 
postulate that the atom Is made up of electrons, protons, etc., then 
the behavior will be as predicted. You then no longer heed to describe 
the behavior; you describe what Is In the atom and how th'fe parts Interact. 
This is where the simplification occurs^" 

'*The problem of having no way of really knowing whether the model 
is simpler than the atom is a matter for philosophy. Instead of asking, 
•what processes would be observed. if the atom were made up^in "this" 
way?,* the scientist asks, *What is the atom like?*. That is, most of 
the time he presumes ther^ is a 'real* atom^ and in this respect most 
scientists are realists." , 

Another question was asked about how "new" models relate to "older" 
models designed to explain the same phenomenon. One response was that 
older models are not discarded but are used in some Instances. For 
examplie- in dealing with gases at fairly high temperatures and fairly 
low pressures, the simple "billiard-ball" model is an acceptable exp.lan- 
ation. . But if pressure is Increased or temperature lowered, thejji the 
effects are explained only by the newer kinetic molecular model. The 
point is that simpler models are still used where appropriate, knowing 
they are not entirely correct. Another response was that in the case 
of the solar system, the older geocentric model has been discarded in 
favor of the newer hellgcentrlc model. In general, models evolve and 
become more generalizable, are rejected, or are retained and used in 
certain instances even though Incorrect. ^ 

In response to a question asking what advantages accrue when models 
are expressed in ^mathematical language, a number of advantages were 
identified. One is that these models reduce the ambljgulty associated 
with the use *pf ordinary laYiguage. Another is that such models are very 
useful in generating new inf oration. They suggest predictions or tests 
of the models to determine whether they are "correct." One must be 
careful with the use of mathematical models. Not all such models are 
based on '/iseality" but utilize logically developed constructs. The 
testing 6f "mathematical" models in science must be related to the "real" 
world. ^ 

In a discussion of the "correctness" of a model, such a model wag 
judged a& agreeing with related experiments or observations and having 
some kind of (correspondence) between the phenomenon being modeled and 
related observations. 
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Cycles 

Panelists: Mrs. Ruth Melvirij Assistant Director^ Ohio Aoademy of 
SdenQBy Columbus J Ohio ' 
& . Dr. Charles King^ Executive Directory Ohio. Biological 
Survey J Columbus^, Ohio 
Chairman: Dr. ^Barbara Thomson j Coordinator ^ Center for Unified 
Science Education^ Ohio State University 

MELVIN - Cycles are everywhere Geologists also seek and utilize the 
concept of cycles. One of the most useful cycles in geology is the rock 
cycle. Both practicing geologists and lay persons are interested in 
learning ^more about this particular cycle although they are working at 
different levels of sophistication. Students find cycles interesting in 
their formal 'education if they have an opportunity to learn about them 
and apply them u6ing concrete situations. * The training of beginning 
geologists ^s well as the advanced education for potential scientists 
includes work vrlth the rock.cycle. 

\ Geologists study the processes thab transform and recycle rock mater- ' 
ials of the earth's crust» Thesfe processes provide an understanding of 
the rock cycle as well as a way to (Classify and learn more about the rocks 
around us. Consequently, geologists are constantJLy gathering data and 
interpreting it in an attempt to advance geological understandings. The 
rock cycle also assists geologists in learning more about the various a, 
interrelationships which exist. The geologists who specialize in radio- 
metric dating and the geologic time scale are also applying aspects "^of 
the rock cycle. 

Some geologists work to help the public understand more about geolo- 
gy. One ared which needs more exploration is the recycling of minerals. 
Geologists are aware that mineral res6urces are reusable and could be 
reclaimed. Public understanding of tlie rock cycle and mineral recycling 
could provide the necessary impetus to conserve these valuable resources. 
Eventually these discard^ed minerals again become part of the rock cycle 
but are lost as far as human uses are concerned. 

The rock cycle is useful for synthesis purposes as well as cate- 
gorization. The rock cycle is erne of the most important cycles and 
should be readily utilized not only by professional geologists but by all 
people in soc;Lety. It is a fascinating and educationally important cycle. 

DISCUSSION AND LAB - A "hands on" laboratory experience was provided for 
all participants. A variety, of rocks were distributed and categorized 
us;Lng the "tock cycle diagram." A discussion concerning rocks and the 
rock cycle flowed during this laboratory exercise. The majority of the 
discussioi;! focused on classroom* use of the rock cycle laboratory and the * 
Importance of this particular cycle for the education of all persons. 

KING Cycles, in the biological sciences, are numerous and are utilized 
extensively by researchers to extend their scientific knowledge of organ- 
isms and systems. Educators also use cyclic phenomena as a vehicle to 
extend their students' understanding of organisms. Since almost every 
organism on earth is subjected to regular cyclic changes of environmen- 
tal conditions, this is one way cycles can be used to study organ;Lsms. 

An ecosystem, however, is another challenge since it is a cycling 
system and within it are multiple functioning cycles. In viewing an 
ecological system, i1t is readily apparent that it is cbmplicated. In 
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fact, it is prob^fbly more complicated than we think it Is, One person 
said that it is even more compllcate<t>e^ an we think, w6 think it is» 
Consequentiy>^the more we learn, the more we learn we don't know. ^ 

Both the biological research scientist and the science educators 
approach the complexity problem by identifying and working with the iden- 
tification and study of individual cycles^ 

A. microcosm is a useful mod^lpto use for the identification and 
obseftvations of cycle's. The more one can understand about a system in 
miniature, the easier it is to see the patterns and implications for 
macrocosms. A microcosm is a picture of earth's mechanism. 

One can start with the identification and study of simple cycles 
and move toward highly complex cycPes which require mathematical models, 
e.g., nitrogen cycle, food chain, respiration cycle, photdsjmthetic 
cycle, Krebs cycle, etc. It is possible to identify cyclic and noncyc- 
lic systems and pose testable hirpptheses, e.g.'. Is energy cyclic in this 
system? Is it alsq possible to explore contrasts among the cycles by 
manipulating biological variables such as top heavy, overloading, and ^ 
carrying capacity? This type of exploration has implications for ology, 
history, and sociology. - ' 

It is readily apparent that cycles is an important concept in the 
biological sciences for both the practicing scientist as w^ll as educators. 



DISCUSSION - Dr. King brought a microcosm, which had been sefaled and 
functioning since 197l, to the session. Questions were generated and 
cycles identified as were non-cyclic phenomena. Chemical materials, en- 
ergy harvesting, and energStiea were explored using microcosm observations* 
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Population 

Panelists: Dr. William Collins ^ Associate Professor, Entomology, Ohio ^ 
State University 
Dr. DeWitt Davis, Assistant Professor, Geography, Ohio 

State University 
Dr. Ame Slettebak, Professor and Chairman, Astronomy, 
Ohio State University- 
Chairman: David Cox, Center for Unified Science BIducation, Ohio State 
University 

COLLINS -7 A population is defined, in the broadest s^se, a^ a collection 
or aggregate of individuals or units that seem to have the same or similar 
functions. Populations may be continuous or discbntiiluous, spaced out 
or not spaced out, and randomly or non-randomly distribyted In an area. 

Populations possess a number of characteristics. One needs to keep 
in mind, however, that whenever dealing with populations you are concerned 
xd.th averages since variation is one of the most basic characteristics of 
a population. This variation is absolutely essential in order for popula- 
tions of living things to be successful. That is, if they had discrete 
values, there would be no way that populations could Respond to changes 
in environment , (e.g^ ,' changes represented by the addition of pesticides to 
or a decrease in, oxygen in the environment). 

Population density of living things is determined by a number of 
environmental factors' - energy available, food chain, environmental -^factors 
(e.g., spac^p, climate, relative abundance of water, various other kinds of 
plants and animals that are in the area), and biological factors (e.g., 
predators, parasites). There is increasing evidence indicating that some 
populations independently limit themselves to a certain population density-^ 
(self-limiting) . 

The population concept is widely used in agricultural science since 
it enters int(/ almost all basic research which .is concerned with such 
diverse phenomena as pfest control and plant breeding for maximum yield. 

A new concept in pest control, "integrated pest management/' has been 
evolving over the past five years. At its core lies a study of the pe6t 
population and subsequent determination of the environmental factors that 
provide resistance to population explosion. These factors usually incor^ 
porate such considerations as nutritional requirements, diseases, predators, 
patasites, and temperature extremes. The new trend is riot to think so 
much in terms of controlling pdpulations but more in terms of managing 
them. The goal seems to be to keep the population below the level where 
unacceptable damage is done. « 

PAVIS - There is a division of geography known ^ as population geography. 
It treats the spatial variation in demographic and non-demographic qualities 
of human populations and is very sensitive to the time element. However, 
the use of the population "idea is not restricted to this division of geog- 
rapny. The urban geographer views populations as aggregates of individual 
people and must use populations in studying his problems. The geographer ♦ 
is concerned with many aspects of population;^. Including distribution, 
composition, migration, and^growth. The spatial variation of these aspects 
is extremely important. 

Many factors influence these aspects. The population distribution 
over the earth's surface is very uneven. This is apparently caused by 
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such factors as climate, physical relief, soii fertility, accessibility 
to sea and other transportation routes, availability of raw materials, 
and levels of development of cultures ♦ 

Geographers study populations at three levels - macro (e.g., world- 
wide), mezzo (e.g., national), and micro (e.g., city). Among the humai^ 
population characteristics of interest to the geographer are differences 
and variation in sex, age, rdce^, ethnic makeup, ^ religion, education, 
occupation, and income. Mathematical and statistical techniques are 
used for making predictions, and an effort is made to keep as close to 
physical science methodology and techniques as possible when studying 
populations. » 

u Model building is used to better understand populations and popula- 
tion attributes \^ithin a spatial context. One example of such a nfodel 
is the Burgess concentric zone model. \ ^ 

SLETTEBAK - Specttal classification *is one technique by which stars have 
been arranged into gtoups or populations^ oil the basis of the appearance 
of their spectra. This. type of population study has led- to our modern 
idea of how stars evolve. ^ 

The background (continuous) spectrum of a star apparently Has its 
origin ±xi the(^hot interior tegion while the dark lines (absorption) 
spectrum) being impressed on that spectrum are the result^,of absorption 
in the cooler outer atmosi)here. Since each element has its own unique 
spectrum, this provides a means of detecting tjhe elements that are 
present in the star's outer atmosphere. 

Hypothesizing about why different stars had different^ spectra has, 
historically, been an ongoing process. The currently accepted explanation 
or model, proposes' that the spectral diffejrences among the stars are 
due to temperature differences. The temperature of the star determines 
which of the chemical elements present is absorbing radiation in the 
spectrum. In other words, the {populations of gtars could be categorized 
on the basis of an^inferred temperature (e.g., "0" stars: only H, He, 
and certain highly ionized metals absorbing; hottest stars; 30,006 - 

;po,opo ^K). 

Based on current understandings, only certain kinds of stars appear 
to be "permitted." These "permitted" stars are so classified on the 
bases of selected temperatures and luminosities. ,This idea led directly 
to the idea of the evolution of stars which in turn produced theories 
about, energy generation in stars. A 

One advantage of identifying populations is that it enables the 
researcher to quickly identify objects that don't "fit." These objects 
are then singled out for special study. 

DISCUSSION ' ; ' . 

COLLINS - In response to the questions regar<iing the best time line to 
follow when working with high school students on a concept such as popula- 
tion and whether it would be better to hit it in smatterings or all at 
once, there are several possiblLe janswers. There are certain unifying 
ideas that should be taught early. One approach might be to use 2-3 weeks 
to present the basics, then reinforce them with examples as you go 
through the next year or two. The examples will give the concept depth 
and meaning. ^ - 



SLETTEBAK - I would recommend taking jexamples and developing them in ' 
depth - several v/eeks being spent on each example.- In the case of star 
spectra I discussed earlier, you could even provide the learners with a 
mix of spectra and let them do their own classification. 

COLLINS - Either example^ could be 'integrated into the whole by the 
learner (inductive approach) or a framework could be provided and then 
the examples presented, whichever is best for your learners. Each class 
is unique. 

SLETTEBAK - In thinking about learning activities a high school student 
could tackle relative to the concept of population, the key is involvement. 
Let students observe the stars. However, be careful not to get into bqsy 
work. . ^ • 

COLLINS - Insects are very useful teaching aids since you can have an 
entire population in a jar. They are small, manageable, inexpensive, and 
not difficult to maintain. Observation of a population is doable under 
these conditions. Another type of activity that could be completed is 
a simple census of different habitats (e.g., comparing a grasslands area 
with a woodland area). An intuitive feeling for habitat preferences of 
populations should evolve froia this kind of activity. Observation of a 
simple aquarium might alsb b^ a worthwhile activity. 

DAVIS - Well-planned excursions are effective, as ar^ games and role-play 
simulations. • - 

SLETTEBAK - Although the concept of population doesn't come up in eVery 
research problem, whenever you have a situation where you have a larg^ 
ntanber of objects and you are trying to understand the relationships 
between them, then you have to classify the objects into populations. 

COLLINS - We study them primarily for their predictive value. 

DAVIS - The concept of populations is the base for hui^n geography. 



Problems of Implementing Unified Science Programs 

The implementation of unified science programs* by local school , 
groups invariably is accompanied by certain persistent problems of a 
general nature. The prospects of es tablisl;iing and maintaining a succe$sr' 
ful unified science program in any one school setting depend to a large 
extei^t on how well these problems are coped with by the teachers/ 
liivolved. Five'oi^hese problems were selected* ftom a rather ifideter- 
minate list for discussion, 

Each problem was assigned to two disctission sectioAs, The two 
'sections were not concurrent, therefore, it is possible that any one 
.participant couJ.d attend, two different discussions 6f the same topic. 
However, the chairman and papel were different for each section. The 
chairmen had the option of making a presentation, as did each panelist, 

, Each section was chargled with identifying specific aspects of each 
problem topic and with developing some promising approaches to treating - 
these aspects,' Participants were encouraged to "blue-sky" in their 
deliberations as well as to review current practices that have merit. 

The summaries of the presentations and accompanying discussions *have 
been prepared by the editors directly from the audio tapes of the full 
sessions. The,se tapes, in cassette form, are available on lodn from the^ 
Center for .Unified Science Education. Each tape runs about 80 minutes, , 
In genetfal, the tapes are of good audio xjuality,. except for comments 
from non-s-panel participants, 

. - % 





Establishing Objectives * 

Panelists: Cca>l Pfeiffer^ Monona Grove (Viaaonain) High School 

Mike FeeVj LinoolnSudbviry (Maasaahusetts) High School 
Ouida Bailey J Lincoln^Sudbury (Massachusetts) High 
'School 

Paul HolobinkOj Center for Unified Science Education j 
Ohio State University . ^ 

chairman: Mika OriedOj Hesearch Associatej^ Science and Mathe^ 
matics Education^ ' Ohio State University^ 

PFEIFFER r The three basic questions which s^rve as a basis for develop- 
ing objectives are: 1 ^ What Is It that we're trying to do?, 2 - How . 
^re we trying to do It?, 3 - How do we know how well we're doing?. 
These questions serve as guidelines In linking educational goals to 
program goala and development. Several* assumptions related to objec- 
tives underlie' the Monona Grove unified science program. First, there 
Is a hierarchy of educational objectives leading to guidelines for pro- 
gram development, Se'condly, objectives need to be developed and Imple- 
mented foT;* an entire school system by gi'oups of local educators, not 
by .Individuals nor for separate grades. Thirdly, objectives need to ' 
be expressed In writing for common discussion purposed, evaluation, et9. 

The hierarchy of goals at the broadest level includes o^e or several ^ • 
broad general goals for all learners on which there is a faculty con- 
sensus, for example, to understand oneself in relation to other people 
and one's physical environment and to the highest possible level of 

linder standing. At the next level, specific op^rat±onai^-gDraiB""±n:dlT:ate""^ - — - 
how the general goal is to be realized by' all learners in /the system. 
One exa^aple of such a goal is: "to fulfill human needs, such as, a need 
to develop skills in' the use of one's sensory mechanisms and a need to 
Identify and use those ideas that ^re necessary in order to understand 
one's self in relation to others and to the physical world." The third 
levpl in the hierarchy consists of overall program objectives, e.g., 
science. Science is considered to be especially relevant in assisting 
learners to help understand their relationship . to the world in which they 
live. The most specific goals function at the learning activity level 
and are directed at .building a basis for: understanding the broad unify- 
ing themes of mattfer, energy, and change. » 

All levels of the goal hierarchy serve in varying degrees as guide- 

_,llnes„uLQX._S.el^Ctlng_ content and learn ing e xperience s on_a_ "K-12 continuum 

of experience." 

FEER - The major teacher goal of the Lincoln- Sudbury High School unified 
science program is to generate an atmosphere in which unified science 
objectives are realized. The broad goals are: 

1. to develop an atmosphere conducive to the at/prehei^lon of 
the totality or unity of the scientific etideavor 

2. to develop an atmosphere in which students ?iay^ also appre- 
ciate, the contributions of the discrete basic sciences^and 
their relationship to the unity of science,^ The discip- 
lines compliment each other in a unified science program. 

3. to provide opportunities to develop skills that would play 
a significant role in a rapidly changing and technological 
environment and in making decisions in such a world 

4'. to provi-de interdisciplinary problemfsolving learning 

units to serve as transition from the broader program ob- 
jectives to unit objectives ' ^ 
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to create an environment in which- students can sense 
frustration in the scientific endeavor as an integral 
aspect of thought and experimentation-.. This frustra- 
tion can lead to revolutionary science, 
to ble^d content intimately with science teaching and 
social implications so that the student can relate the 
two to the social-cultural decisions facing him. 



BAILEY - The learning units in. the Lincoln-Sudbury unified science pro- 
gram are designed to help s^ude^^fc^ attain the program objectives. 
An example of such a unit develSpiaror ninth graders is one entitled ' 
"Nutri^ul,ture." The objectives of this unit reflect the program objec- 
tives. (^Several of these are: to realize a need for basic sc;ienti£ic 
concepts in solving problems in relation to the study of nutriculture.; 
to develop experiences which challenge the ^student but not overwhelm 
him; and to develop decision making capabilities. 

Throughout the three months duration of the unit, students are 
engaged in a number of activities consistent with tbp unit objectives, 
The^ include direct experiences in growing plants toomaturity. The 
unic culminate^s with student reports of their work and an evalua'tion of 
the reports by both students and teachers. 



HOLOBINKO - Ideally/ objectives should be c6nsidered on a school-wide 
basis, at the program level, and at the unit level. The presentation ^ . 
by Pfeiffer- described this approach, therefore, it would be redundant 
to describe it again. In developing objectives, especially at the pro- 
gram and unit levels, it is de&lrable to Inltlalty^^alnrfbr "worklij^ 
sets" rather than sets of highly refined or static objectives. Several 
advantages are gained through this approach. One is that a great deal 
of time and effort are not expended initially. Insisting on a "finished 
product" can and does b&x^me a block to^ developing the remainder of 
the program." Secondly, a wprking set of objectives is more amenable 
to change and evolution, hence does not become overly constraining in 
determining the nature of the program. 

In developing objectives for local unified science programs, science 
staffs have access to a number of resources to assist them in the task. 
One of these is the NSTA position statement, "School Science Education 
for the 70's," The Science Teacher, November 1971. Another resource 
consists of program objectives repTresenting about fifteen different sec- 
ondary unified science programs throughout the country. These objec-^ 
tives are available as Workshop Module- 13 from the Center for Unified 
Science Education. It is emphasized that these resources should be 
used as such by local teacher teams in developing their own sets rather 
than simply adopting any one program's objectives. 

A niimber of piroblem areas and issues concerning objectives identi- 
fied for discussion are: 

1. Objective format, number, and importance. My position is 
tb-t small numbers of important objectives stated in terms of learner 
behaviors are more valid than many objectives of questionable impor- 
tance cast in terms of what learners are to do or what teachers intend 
to do. « 

2, Objectives in the affective domain. Often avoided because of 
the difficulty in evaluating 1-earners, affective objectives should be 
included since their very presence serves as guidelines in identifying 
and selecting learning activities related to the development of affec- 
tive behaviors. r*^ 
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3. Providing for input into objective development by persons > 
from the community, students, etc. a 

^ \, 
DISCUSSION - At Monona Grove, Wisconsin, tlie development of objectives 
"corporately" for the entire school system at grades K-12 and especially 
for the science program has resulted in a posttion agrefed on by local 
teachers. The objectives serve as a basis for evaluating the effective- 
ness of the program. Also, the process of generating objectives has 
created much more interaction among science teachers in the system. 

There was some disagreement on the role of the student" in objec- jf 
tive development and selection. One position was that students are ^ 
incapable of establishing their own objectives except at the lowest 
hierarchical level, i.e.,^hort range, day-to-day, objectives. On the 
other hand, it was 'argued that if students are to learn to establish 
th6ir own objectives, they must be given the opportunity to do so an)^ 
assistance in learning how. Another alternative position was that 
perhaps objectives can be determined by teachers, but that provision 
can, be made for students to work toward them by alternative and person- 
alized pathways. 

/ ■ ' ■ 
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Evaluation - Se ction 1 * % « 

■ ■ ■ ■ ■ ■ ■ - I I *, 

Panelists: Dr. Thomas Gadsden^ P." K. Yonge Laboratory School^ 

University of Florida 
Dr. Michael Fiasoa^ Soienae Eduaatiorij Portland State 

University " 
Dr. Stanley Belgeeon; Science Education^ Vhio State 

University ' • ' ' . 

GADSDEN - In thinking about evaluation of unified science programs it is 
• important to consider both formative and summative aspects. In formative 
evaluation, the procedures generally focus on the unit level of work and 
in summative procedures the focus is on a whole year's work (or greater). 
Results from the former can best be used t?) revise parts of the program. 
Results from thiB latter can best be used for„ general assessment. ^ 

In general, I see seven major^steps in conducting evaluation of 
unified science programs. The seven can be arranged in a type of flow 
chart model which is detailed in my Development of a Model for the 
Evaluation of Local Unified i Science Programs (Dissertation Abstracts, . 
Ann Arbor, Michigan, 1971). The seven steps are: 1 - Context Identifi- 
cation, 2 - Optimization, 3 - Design Development,* 4 - Implementation, 
5 - Analjrsis, 6 - Reportin^g, and 7 - Decision-Making. 

In the process of identifying criteria, it is important to consider 
the needs and probable demands of the jiecision-makers who will be interested 
in the eventual results. Some of their interests may relate to:* the 
adequacy of the new progrjam and materials, potential for further dissemi- 
nation, potential for further development and financial support, profes- 
sional concern for tTie~overaijr"e^fects of the program, etc. - At the — ■ 
same time, it is necessary to consider the realities of the situation in 
terms of the constraints imposed on the evaluation effort. Mainly, these 
constraints have to do with limits in terms of/ available time, money, and 
development effort. 

The second st^p - Optimization - requires that priorities must be 
sf^t to determine what merits evaluation out of the myriad of things that 
could be evaluated. There are some obvious disadvantages of doing this 
with "internal" as opposed to "external" personnel. For the person working 
within the program, the task is often complicated By a "Chinese Baseball" 
situation. That is, by tl^e time an evaluation project is underway, the 
emphasis within the program is or needs to be changed so that the original 
decisions regarding criteria, etc., are' no longer valid in a technical 
Bense* . , 

Needless to say, there are many alternatives at each stage of evalu- 
ation. Among these, and one which I really want to emphasize the poten- 
tial value of, are non-reactive' measures. That is; information that can 
be gathered. on the spot. In some ways it represents what used, to be 
called "anecdotal data." This kind of information includes: attendance 
records,, relevant books checked out of the library, parental feedback, etc. 

The remainder of the steps go beyond the time available here for 
discussion b'ut they are not sb crucial as the first two steps since these 
represent the real motive force in getting an evaluation program underway. 
The last five steps can be handled by following fairly; well prescribed 
procedures in the literature. 
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DISCUSSION - In developing and selecting tests to accompany untied 
science programs, the technical concern of reliability can be handled by 
invoicing "Standard statistical testing procedures and satisfactory levels 
of reliability can be obtained even for lotally constructed tests pro- 
vided enough. time is available to use these procedures. When using 
commercial standardized tests, satisfactory levels of reliability can 
usually be assumed. However, the big problem especially when testing 
for higher levels of cognitive and affective objectives, is that of 
validity. How does one kno^ that the test items^ and their results 
actually reflect that which (hopefully) is being tested? 
J The usual method of establishing validity is to submit a series of 
test items that purport to asses^ certain criteria to a panel of judges 
who, at least by their professional positions or reputations, are assumed 
to be knowledgeable about the criteria and to have some experience in 
^similar efforts. Obviously, validity is not guaranteed by this process 
even when the judges are unanimous in their opinions. The. situation is 
complicated by the problem of deciding' what mlnim&n proportion of a 
v^ilidating jury must agree before an item is judged to be "valid" in 
an operational sense, ^ • 

FIASCA - Mthough soiae "experts" will argue that two different science 
iCoWses, one of which ^^S . innovative and one of which Is convei^tional, 
cantiot be compared directly because they are aimed at different sets of 
objectives, there is occasionally a need to find what if any differences 
. occur, irj terms of criteria that represent commpn objectives. This 
; situation has obviously occurred with unified or integrated science when 
! it has replaced conventional science courses in pilot situations, 

T'~^^ I^my— pa^icular study, I attempted to see what if any differences 

resulted when ^Portland Project materials were used in place of conventional 
chemistry and physics coursed,; The Portland Project nfiaterials that were 
used, were those developed in khe early phases of the project and which . 
integrated chemistry^^^d pl]y«ics, These contained none of the biological 
or behavioral sciences as did ,sub*i^equent versions. 

The subjects of the study were six classes of physics, six classes 
of chemistry,, and six classes of Portland Project,^" The classes averaged 
about 25 students each and all were located in the greater Portland area. 
Teats showed that there were no significant differences among the classes 
in IQ, sciende-math background, parental socio-economic background, etc, 
^he spe^cific tests on which differences might be expected to occur were: 
the Watson-Glazer Test of Critical Thinking,- a modified Allen Attitudes 
Toward Science Inventory, and a combined chemistry-physics achievement 
*^ test tJiatJ was developed JEor the project, AXl three tests were given 
pre- and post-? at an interval of about nine months. The conventional 
chemistry class was given only the chemistry portion of the achievement 
test and the physics classes only the physics portion. 

There Vere no statistically signifd-cant differences on any of the 
test results although the people from the integrated classes showed a 
slight advantage on their average scores on everything except the attitude 
toward science test, 

DISCUSSION - The FUSE Center has a working file of other studies done on 
varioufe unified science programs and on the test instruments used by 
them. One of particular interest is the one done by Victor Showalter 

GO 
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because/ of the test of scientific literacy that was developed for use in 
the sty^y* In- addition, PUSE has almost 100 assorted tests that might 
be us^d or adapted for use in evaluating a unified science program* 

•there is a need for a ready-made instrument that could be used by 
any ynified science program because there is seldom enough time iji 
the ;lLisual school schedule to develop or even ito select the proper instru- 
men^is. However, such a test would have to assume a uniformity of. objec- 
tivka that may n.pt exist among the various programs. 
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Evaluation - Section 2 

Panel:t.sts: David Coxj Center for Unified Science Education^ Ohio State 
University 

Dr^ William Van Deventer, Biology Department ^ Westeim Michigan 
University 

Chairman: Paul HolobinkOj Center for Unified Science Education^ Ohio 
State University 

VAN DEVENTER - My primary Interest Is In classroom research, of which 
I have Identified three basic areas of concern. These are<l) what to 
teach, 2) how to teach, and 3) evaluation of teaching and. learning. 
Before embarking upon a study of any of these areas, however, one must 
decide upon his goals or objectives. Cognitive, affective, and psychomotor 
realms are all of concern. I have a particular Interest In the borderline 
between the cognitive and affective, which Is concerned with the area of 
understanding of ideas, such as Interrelationships, cycles, change, and 
variation. About 30 9ucli Ideas are used In the Idea Centered Laboratory 
Science (ICLS) program. If you have Identified your goals as that of 
promoting stude^Mi understanding of such Ideas and Identified the specific 
ideas to be utilized, then you can movec»on to the question of "how to 
teach." 

When dealing with unified science evaluation, you must give sdme 
weight to quantitative as well as qualitaLive considerations. In addition, 
you must decide upon the bxilance that you wish to establish between sub- 
jective and objective evaluation. Personal preferences enter here; I \ 
prefer, for example, multiple choice, best answer, open-ended tests, i 
These are graded by a consensus master (50-80% of the group agreeing w^th 
a given choice), which is always subject to modification by th^ instructor. 

In ICLS, an Inquiry Technique Test (ITT) has been developed * It has 
proven to be both valid and reliable when used in grades 7-9. It is 
Hpslgped^ to test the understanding of an idea. The |irst thing done is 
to ask students to write questions that they believe are relevant to the 
idea. The idea would have already been introduced, discussed, and one 
or more relevant' laboratory experiences would have been carried on. 

With editing and the possible addition of quesftions by the teacher, 
you build a list of relevant and non-relevant questions (about 1/2 of each 
type). Fifty such items are about what a student can handle. A statement 
of t'he idea under consideration is placed at the top of the first page, 
and this is followed by a set of directions. In essence, the directions 
charge the student to pick out from the list the five ques,tions that he 
considers to be the most obviously relevant. This process is then continued 
until 25 such questions have been identiried. 

This same technique has been applied at the college level, with 50% 
of the course grade derived. from it. At the college level, this type of 
evaluation is referred to as problem solving, open ended, laboratory. 

COX - Considerable research, has been conducted on the nationally developed 
unified science programs, such as Science - A Process Approach , Science 
Curriculum Improv^ent Study , and Elementary Science Study . However, there 
is a need for an increased amount focussed upon locally developed unified 
science programs. I would estimate that only about 1 in every IS or 20 
locally developed programs has hau some Xype of reported research (e.g., 
dissertation, journal article, formal paper) conducted. This is not 
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Intended to imply, however, that additional local research has not been 
undertaken. In many instances it may be that action research has been 
completed but not reported. 

Mot^t evaluative studies completed so far are comparative studies, 
where the unified science prograip is compared to one or more traditional 
programs. I believe that there are now enough consistent results that 
people can move beyond that stage. In^ general, the studies demonstrate ^ 
that unified science students achieve as well as, ±i not superior to, 
traditional students on tests of subject matter knowledge. In additipn, 
unified science students are usually found to be superior to traditional 
students in the area of attitudes toward science and unified science 
programs consistently generate increased elective science enrollments. 

If you are in the process of developing a plan to initiate and 
implement a unified science program, include evaluation as part of ypur 
plan. Both formative and summative evaluation in all domains is appropri- 
ate. , ^ , 

As I perceive the process, meaningful evaluation can occur at a 
number of different levels of sophistication. I will. suggest four methods 
by which yaii' mny plan to have your program evaluated, even though many^ 
more are possibilities. The most important considerations in planning 
are that you establish a plan tha^^t will both satisfy your tieeds and at 
the same time be consistent with your local constraints. The four metljiods 
ar;^: 1) evaluation by teachers within the program (the university science 
educator •Is an invaluable resource for this model), 2) evaluation conducted 
by a district research or evaluation specialist, 3) evaluation conducted 
as a result of a contract with an outside educational or research organ- 
isation (e.g., university, the Center for Unified Science Education [GUSE], 
regional education laboratory) , and 4) evaluation conducted by graduate 
students (e.g. , ma&ter ' s thesis or dissertation). '^jk 

Expanding for a moment on just one of the sugg^^pd .models, how would 
a group of classroom teachers initiate and implement an evaluative study 
of their own unified science program? They must first have clearly 
specified science- progi'aiti objectives and then, keeping local constraints 
in mind, genexate the types of q'liesLlons that will provide answers that 
the staff would accept as criteria for assessing progress toward achieve- ^ 
ment of these objectives. Prior to actually implementing an evalu^ion 
plan, Tiowever, the qW^tions should be evaluated. by an outside source, 
such as the CUSE staff or a nearby uniyersity science- educator. This 
would provide some validity check relative to their adequacy as indicators, 
and at the same time allow the reviewing. -agent to suggest possible 
additions or alternatives. 

The next step would involve the development of a plan for gathering 
data. As before, consultation with either CUSE, a nearby university science 
educator, or some other outside agency, should prove extremely useful. 
There are many instruments available, all or part' of which might be 
helpful. The' NSTA publication. Standardized Science Tests; A Descriptive 
Listing . (Wall^^^anet and Summerlin, Lee, 1973), and ERIC's Unpublished 
Evaluation Inst^aents In Science Education; A Handbook (Mayer, Victor J., 
1974) are excellent source^s of information regarding instruments. ^ 

Following the selection of instruments and gathering of data, an 
analysis of that data would be conducted. As a result of this analysis, 
the staff may modify its science program objectives, change learning 
activities, and/or identify specific areas within the program requiring 
further study. 
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Teacher Preparation and Certification - Sefctl'on 1 . ' 

Panelists: Dv. Viator Showaltev^ Director'^ Center for 

Unified Soienoe Education:^ Ohio State University*^ 
.Bernard Miller^ Division of Teacher Education' 

and Certification^ Ohio Department of Education 
Chairman: Piyush Suamij Graduate Teaching Associate^ Ohio 
State University J saienQe education 

MILLER - Science teacher qertlflcatlon In Ohio and other states Is based 
mainly on tradition. In Ohio,, where local school districts are responsible 
for what i-s taught in the schools, certification requirements seem to be 
responsive to demands from the education community. Thus, if there were 
sufficiently large demand for teachers certified to teach unified science, 
and If^thls demand were sufficiently "loud," such certification woul4 be 
forthcoming. 

In terms of present regulations, in order to teach unified science^ 
in grades 7-9, one would require at least a "general science" certificate 
v/hlch Involves 30 quarter hours of "course work well distributed over . . . 
biology, chemistry, earth science, physics." In this plan, "integrated 
physical science j^ourse work may supplant basic physics and chemistry 
courses." 

In order to be certified to teach unified science in grades IO7I2, 
one would* presently need a comprehensive' science certification which 
requires 60 quarter hours in' "an appropriate combination of formal Instruc- 
tion and laboratory experiences," preferably evenly distributed ampng 
"biological science, earth science, and physical science." Not too many 
people currently obtain this certification^ because in it almost half the 
total hours needed to obtain a B*A. degree must be in the sciences. Many » 
people feel they must have a second teaching area in addition to science, 
such as mathematics or social studies, in order to get a Job because 
relatively many two-field positions seem to be open to beginning teachers. 
The total hours of non-education courses needed to cef tif y in the second 
field plus required education courses plus university general education 
requirements, in effect, require a five-year program if comprehensive 
science .certification is also to be obtained. 

Ohio and most oth^r states are more flexible than they once were in 
interpreting formal regulations so long as the problems involve innovative 
currlcular programs and not the question of basic certification in well 
established fields and In general secondary school teaching. 

Teaching unified science "legally" in elementary schools is no 
problem because, essentially the elementary certificate permits all subjects J 
to be taught up through grade 8. (Note Ohio defines "elementary" as\ 
grades K-8 and- "secondary" as grades 7-12.) 

» Reciprocal certification with other states is becoming increasingly 
prevelant and the result, in general, has been to raise required credit 
hours in substantive areas. FUSE should make its views known more broadly 
on what constitutes necessary preparation for teaching unified science. 

DISCUSSION - The question of whether unified science situations in which . 
team teaching is practiced would be "legal" was raised. The respons'e was 
that such a decision would have to be made by an "evaluation team," presumably 
from the State Department of Education. 



A question was raised as to wheth^ it is possible for a person to 
acquire desired levels of competency in specific science subject matter 
by study "on his own." The response was j "No," although there was an 
implication that the main reason for thisl answer was that no other 
certifying mechanism wa^ available which could replace that of course 
credit* hours. 1 

SHOWALTER - Although there is a very practical need to have a valid 
teaching certificate when one graduates from college, the problem of what 
unique kind of preparation is needed to teach unified science persists 
because no one^s certain just what can and should constitute this prepar- 
ation. The problem has two aspects that, at least for the present, are 
clearly different. One involves undergraduate or preservice preparation. 
The other involves inserviqe preparation which ordinarily would be on the 
graduate level. 

There are some implicit assumptions underlying my comments: 1 - State 
science teacher certification requirements will not change radically nor 
rapidly; 2 - College and university course .of ferings in the sciences will 
change slowly, if at all, especially when the change would involve three 
or more departments. • /\ 

Preparation for unified science teaching must lead to a valid ' 
certificate 'in four years. This could te in any one of the pr^aently 
certifiable fields provided that the individual also developed a unified 
science perspective. The latter could be fostered by conducting a 
special synthesizing seminar conducted by the science education department. 
The only requirement for the seminar would be that the student be con- 
currently enrolled in, a science course offered by a science department. 
The learner goals of the seminar -would include: a - to develop a view 
of science as a holistic and humanistic endeavor; b - to develop an under- 
standing of the unique aspects of science as a , way of knowing; c - to 
identify those overarching and powerful concepts and processes tiiat 
permeate all of the specialized sciences, and d - to recogni'ze variations 
in the way these concepts and processes are applied in the specialized 
fields. 

This seminar would place the science education department in a 
cooperative role with students as creative philosophers of i4cience because 
the focus is really on a science of science. The semindft:| could also be 
taught at the graduate level, but the most important factor is that the 
group be enrolled in a variety of scienpe - ideally the instructor would 
be also. 

The second unique ingredient to be developed should be that of a 
commitment to and skill in the business of unified science curriculum 
design and development. Since most unified science programs are. locally 
developed, this commitment and* skill are absolutely nefcessary . In the "past , 
neither has been an integral parj: of teacher preparation and the focxis has 
been only on how to "translate" or "coihmunicate" effectively an instruc- 
tional package or textbook that someone else had developed somewhere else. 

At the undergraduate level, a start on this second ingredient can be 
made by inserting appropriate activities in the standard methods course. 
I believe that two. time blocks of two hours' each would be sufficient to 
Introduce the undergraduate to the approach to local unified science 
curriculum development advocated by the Center for Unified Science Education. 
At. the graduate level and/or advaiy:ed undergraduate level, a special one 
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quarter course can be conducted similar to that which we developed at 
the Center last year. The core of the course Involved each student 
developing a unified science modular unit up to tha point of actual * 
classroom testing. All sessions of the courae were directed to some 
aspect of this effort. * 

This particular course involved both graduates and undergraduates. • 
The former were mainly practicing classroom teachers and their units were 
designed for and ultimately used after the course with their students • It 
may be that practicing teaciiers are the most appropriate group for this 
kind of effort, but somewhere the undergraduate must become sensitive 
to his or her responsibility in curriculum development and a sensitivitvJto 
and awareness of the. unified science^ approach. 

DISCUSStON - All unified science programs that have been developed in 
the past have been done without the benefit of people previously trained 
in unified science education^ The period of development fostered great 
individual teacher progress in many areas •including knowledge of science 
fields othet than their own field of preparation and personal philosophy 
of education. The best way to prepare unified science teachers, therefore, 
may be in a group of colleagues dedicated to deyeloping the same program. 
When schools with well developed programs bring in new teachers, it 
may be possible to achieve a similar effect by involving them in the 
ongoing evolution of the program. * . 

There should be more attention devoted to the development of > 
desirable teacher personality -characteristics relative to the cognitive 
aspects that seem^ to dominate discussions involving preparation of 
teachers for unified science. 
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Teacher Preparation and Certification - Section 2 

Panelists: iJr». Robert Howej Professor and Chairman^ Faoulty^of 
Soienae and Mathematias Education^ Ohio State 
University . . ^ . ' 

Dr. Gary Day^ Director of Soienoe^ Educational Research 
Cqvnoil of America^ Cleveland^ Ohio 
Chairman: I^. Michael Fiasca^ Portland State University^ 
Education Department - \ 

HOWE - Teacher education In unified science should start at the Inservlce 
lo^l because unified science Is still at the Innovation level • With 
Innovative things, In general, It Is better to work with teachers who 
know exactly what the educational setting Is In which the Innovation will 
be introduced. This knowledge cannot be obtained by pres'ervice teachers 
because they do not knoW wheje they will be teaching. 

To have a successful unified science prog^ram, teachers must: 1 - be 
well established in the business of working with kids, 2 - agree with 
unified science philosophy^, 3 - know sources of Inf orination to utilize 
in the program, 4 - haVe access to external assistance in implementing 
the program, and 5 - be able to get reinforcement for doing a goo4 job. 

In many ways, these concerns reflect considerations made by 
Victor Showalter in Section 1, especially as they are reflected in^ the 
course he mentioned on the cbncept of unified science and methods of 
Implementing it. However, a courpe like that will have maximtim Impact 
only if it is supported' on a continuing basis by a source of^ assistance. 

There* is some evidence that 60--hours of college course work in 
tWQ^ science fields for teachers is an optimiim in terms of subsequent 
achievement by their students.. Much beyond this seems to cause "regression/ 
However, it would seem to be a. good idea to develop a fiv e-hour science 
course taught as unified science on a graduate level for teachers. 

As a continuing education ^lan for unified science teachers in a 
single geographic area, it would be well to apply the "cell concept" 
utilized in the early and mlc^slxtles by BSCS. , In the plan, teachers meet 
for a few hours once or twice a month to discuss common problems and 
their solution.. 

"DISCUSSION - It was generally agreed that a five-year sequence would be 
nfecessary if one were to attempt a preservlce program for preparing 
teachers of unified science even though thlb wisdom of focusing on^ Inservlce 
programs at this point in time was acknowledged. At the very least, 
undergraduates need to learn about the existence of unified science programs 
and the roles of teachets in them. Past experience has shown that when 
undergraduates hear abaut unified sxiience, they express extremely positive 
reactions. *' . • ^ ' 

DAY - The most successful teachers of unified science do not have a 
"balanced background," but they do have a positive attitude and philosophy 
which, in PAft, expresses the belief that philosophy is more Important 
than content background. However, this does not deny the necessity cJf 
content background. It does mean that content background is* not sufficient 
to teach unified' science. 

Since "choice-making" is Important in unified science programs, it 
stands to reason that prospective teachers should have a considerable 
amount of choice in their own educational program. One way to achieve this 
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is to introduce "a project oriented course" in science at the college 
level. * . 

Other desirable courses for preparation of unified science teachers 
would include the '"hyphenated" science courses S44^ as "bio-physics^ and 
bio-chemistry" along v/ith ecology and other obviously " dross-cut tirig" 
fields. These courses should be highly rlab-oriented so they will resemble 
at least in this respect, fhe courses that will be taught in secondary • 
schools. . 

DISCUSSION -The problem of preservice preparation of unified science 
teachers is complicated by the fact that during student teaching, cooper- 
ating teachers seenl very reluctant to permit the student teacher to try 
any innovations. This is especially true at the senior high level. 
Junior high schools seem much more receptive. Therefore, it appears that 
the latter is a much more probable arena for student teachers to try some 
unified science things. 

When a team of teachers from the same school get-together to explore 
the Idea of unified science or to undertake the implementation of a 
program, a broad mixttire of backgrounds is very desirable. This assures 
a variety of perspectives which is necessary to see the many connections 
between the various specialized sciences. These are often not apparent 
to a person with a background in a relatively specialized field. 

EDITOR'S NOTE - The topic of preparing elementary 
school peaohera either in or for unified science 
did not arise during the presentations or discuBS0ns. 
This does not indicate that the topic is inappro- 
priate. The omission probably reflects the fact that 
the principal concerns of the participants were on 
preparation, of QBi2Qnda^ . .... .. 
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Format - Section 1 



Panelists: Sister Ann Champdane^ SoienQe Chairman^. Powers High Sohoolj 
Flint, Miahigcm . , ^ 

Dr. Tom Lido, Engineering Concepts CtcrriQulum Projeoi, 
State Vniversitij of New York, Stony Brook 
Chairman: Larry Gabet, Graduate Teaohihg .Associate, Science Education, 
Ohio State University V . 



LIAO - Just recently we took the time ^to^ put into diagrammatic form the 

process that we have be^n using intuitively for some time to develop mini- 
courses or units that are organized on problem themes. This diagram or 

model (Editor's Note - see illustration on next >page) formalizes the 
pfociBss and represents somewhat of a systems apprbach to the process. 
It should have applicability in other situations as in local schools 

where similar units are being developed, Like'othfer models of this 
type, it should be used as a guide and not followed blindly. 

In actual practice,^ there i^ a tendency to say, "Let's have a unit 
on Qoi3e pollution" and then attemp±"^to put the unit together without 
reality careful planning. As a result, the unit comes out t6 be overly 
general and nlaybe even to^miss the implicit objectives that were intended 
in^the ^j£rs?^lace. In faq.t, you can't even just sit down and write 
objectives forVuch a unit:*.' There must be some critical analysis and 
thought ,th^t is directed to the situation first, You'will note in the 

"diagram that np less than six arrows (inputs) lead into the block 
representing the actual writing of unit* 'objectives and the selection of 
learning activities does not occur until the block designated,' "Delivery 
System," . ' . ' , 

Most of the blocks in thfe diagram axe self-explanatory. The par- 
enthetical numbers refer tcv. the specific guidelines for developing k 
unified science^ unit established by the Center for Unified Science 
Education, There may'^be art additional block needed at the very beginning 

.:dnd that would read, "Select Prol^lem Th^eV , 

It should be pointed out that the actual format or organization of 
the "Delivery System" or learning activities is not as important as that 
they* be organized in such a way that they are consistent with the local 
school f-acilities and, above all, capitalize on student interests and 
accommodate local constraints, For^ instance, many inner city schoools 
have very poor attendance and it becomes necessary that- each day's 
activities effect some kind of closure so that each student will be able 

' to experience a feeling of -accomplishment. This may not be so, important 
in a suburban school where absence is a relative rarity buj even there 
some students prefer frequent satisfactions in acc^plishment and are 
unable to see the "rainbow" at the end of'^ a lengthy ..sequence of > learning 
activities in which satisfaction comes only dt the end. . . * 

DISCUSSION - There is a problem in this process in th^t someone is going 
to have to' decide what should be left out of a science program <?bmposed 
bf . problem based ^iR^ts si^ce it Is ra*ther obvious that not all of what 
has been traditionallyNiaught can be retained along- witli the introduction 
of new material, Thd^problem is compounded by the prior question of who 
4^^* going to make these decisions. There seems to be a g^wing school • 
of^hought that says th^ local teachers and students shotild make these 
decisions assuming ^that there ±s some external guidance available. 
Actually, one of th§ major goals of education should be to enable studerk 
to organize masses of Information and, in so doing, to filter .put trivia V 
so that one* ends up with a nice balance* between useful specifics and 
generalizations', 
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Parenthetical numbers refer to 'specific guidelines in the table below. 



GUlDELfNES FOR DEVELOPING. A UNITED SCIEIMCE UNIT 



Tfie unified science unit should: 

1 — he organized arcJnnd a theme which is either: (a) 
a big idea (concept) that permeates alfsciences, 
(f^) a process of science, (c) a natural phenom- 
enon, or (d) a problem. 

2 — incorporate learning activities from several of the 
specialized sciences including one or more of the 
behavioral or sodal sciences. 

3 — be based on- a few clearly stated objectives in 
learner terms and which are consistent with over- 
all program objectives. 

4 — provide learning activities for 4-8. weeks of usual 
school time. 

5 — incorporate a variety of learning modes, many of 
which include ^'concrete*' experience. 

6 — be essentially self-coniained, yet be. an integral 
part of the local sciet7ce program. It should be 

. interesting to and usable by learners at a specified 
grade level. 

7 — include an end-of-unit test based on achievement 
of . unit (Objectives and should contain only a few 
(if any) items of a purely recall nature, 

8 — utilize a format that will lend itself to continuing 
evolution of the unit in time. 



9 — contain opportunities for learnh^to make some 
choices of what and how they learn. 
JO — utilize commonly available equipmenf^nd ma- 
terials, requite a minintum expenditure for spe- 
cial equipment _ and materials, be compatible 
with local constraints, and capitalize on existing 
resources. 

4 1 — be prefaced by a rationale Which is addressed to 
both learners and teachers and which describes 
reasons for the unit's iinp or tance, interest, etc, 

12 — include several opportunities for learne^^s to self- 
check their progress toward achieving the goals, 

13 — be accompanied by a' brief description of the 
teacher's role in teaching the unit. 

14 — identify the source of the learning activities used 
in ^'building" the unit. Activities adapted from or 
located in otfier sources should be clearly linked 

. to the unit. ' * ' ^ 

15— ^include a list of materials and resources required 

in the unit atjd their source or location, 

16— be accompanied by an accurate Estimate of the 
man-hours of effort required to assemble the unit. 



These guidelines are reproduced from Prism II , vol. 2f^^^. 1, 
Autumn, 1973. 'The oi'iginal article contains some detailed 
explanation of eath guidelijje. 7*0 

-62- 



p 



CHAMPAGNE -^Unified science at Powers has been a "going thin^" since 
the school's inception in 1967. At first, the ninth grade science 
program cQgsisted of four nine-weeks units or mini-courses that were 
very loosely organized around a few very general objectives.- This 
scheme proved unsatisfactory for many reasons among which was greater 
diversity 4.n student backgrounds than we had anticipated. (Powers 
^receives students from a large number of elementa,ry and middle^ schools 
which have a wide Variety of science programs.) 

Our immediate response to this situation was to undertake a ' " 
serious and in-depth study of those ideas we, the staffs felt that 
students should understand. After , some effort, we were able to get 
a nominal concensus on ten items. 

The format for our unified science program has been that of 
learning activity packages (LAPSOl with multiple texts. However, the 
culminating course in the unified program consists almost entirely 
of an individual research project of each student's choice. This 

ourse could be the third or fourth for a given student. The project 
must involve both reading and experimental research and, as a matter 
of fact, almost always turns out to be unified to the extent that the 
study crosses the traditional boundary lines of the specialized 
sciences. For .example, one of our fourth year people studied the 
effects of a magnetic field on growing plants. In this fourth year, 
each student terminates the study by producing a scholarly paper. In 
addition, each student presents a seminar for other students and. 
fac'ulty (including non-science teachets) sometime during each nine- 
weeks grading period. 

Although our LAPS have been built on big ideas, I believe they 
were thrown together too haphazardly. We now seem to be evolving 
toward FUSE type units. This dlreqtion came*^ about as a more or less 
independent discovery. One of the things wrong with our LAPS has been 
that the 30-40 objectives for each are too many and tend to overwhe}.m 
the^studenji^. ■ * 

T We at Powers are still involved in evolving our unified science ' 
program. Some of our problems involve tea^ctj^rs who find it difficult 
to give up their "thing" as represented by a, conventional science 
subject. At first, we were plagued by a lack of acceptance of unified 
science by General Motors Institute (GMI) which is very influential 
in our part of the country. But they have done an about-face and now 
support the concept of unified science. 
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Format - Section 2 



Panelists: Donald Peg'^ei^^ Research Associate^ E^gational Research 
Council of America^ Cleveland^ Ohio 
Carl Pfeiffer^ Science Chairman^ Monona Grove High School^ 
Monona Grove^ Wisconsin 
Chairman: Dr. Barbara Thomson^ Coordinator^ Center for Unified' 
Spienae Education ^ Ohio State University 

PEGLER ~ The ERC Unified Science program is essentially what you saw 
when' you visited Villa Angela, The origin of the program occurred in 
1968 when the science staff of Villa. Angela came to the ERC science 
staff for help in designing a science program that would be uniquely 
suited to the Villa Angela students and which would not only be com- 
patible with but actually take advantage of the new building that was 
then in the planning stages. Since ERC represented a consortium of 
about 30 school districts at the time and since thd* Cleveland Diocese 
was one of those districts, the Villa Angela staff had ready access 
to ERC staff. 

Originally, the unified science materials were developed cooper- 
atively using both Villa Angela and ERC staff people. Now, however, 
the development of the materials is done by ERC staff and field testing 
of the materials is done In Villa Angela and other schools. Coinci- 
dentally with this shift, there have been considerable personnel changes 
in both staffs. 

The format of the ERC unified science materials cofresponds to 
the modular unit desijgn advocated by the Center for Ikiifi^d Science 
Education, Thus, each six-«weeks unit is initiated by an introductory 
whole-group activity or module. This is followed by students' choosing 
two or more modules frbm a selection of 6-15 alternative modules. The 
unit is concluded witl]^ ^ single-group generalizing module and test. 
In this plan, students are together at the beginning and end of the 
unit and individualized in the middle. However, unlike the Center- ^ 
model, each of the modules in a unit Is written by staff and not lifted 
from pre-existing sources. 

There are quite a few assumptions about learners on which the ERC 
program is based. In no order of priority, some of these are: 

1, Not all secondary students are past the concr^fce operational 
stage of development as defined by Piaget, ^ 

2, ^ Secondary school students can assume some responsibility for 

their own learning provided they are given adequate guidance, 

3, Students become bored when only one or a limited number of 
^ instructional styles are used, 

4, Students enjoy choosing what and how they learn, 

5, Success breeds success, 

6, Students learn from each other?, 

7, Learning how information is obtained and organized is' more 
important than merely accumulating knowledge, 

8, Subject 'matter should be interG||ting and relevant to the 
contemporary world, 

9, Content must have survival value and should be important to 
the individual in his or her world. 

The present state of the ERC unified' science materials is still 
developmental. Following usual BRC policy^ the materials will eventually 
be given to a commercial publisher on a royalty basis. The units are not 
sequential althoufeh they are grouped according to levels. 
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DISCUSSION - Although the ERG materials do not follow the FUSE dictum 
that materials be developed by the teachers who teach them, it is felt 
by ERG that the savings in development time which many teachers either 
cannot or will not devote to such an effort compensates for whatever 
value might accrue through "ownership." • , 

PFEIFFER --*Our particular program is very highly structured at the 
present time. That is, on a given day all learners in a given group are 
probably doing the same thing. However, we are evolving toward a modular 
organization where there will be more choices for the learner. These • 
choices will viQt be in terms of what is to be learned but rather in 
terms of how pre-specif ied objectives intended for all learners will be 
learned. Thus, actual format is not nearly so important a question as 
is that dealing with wh&t is to be learned. 

Our unified science program is now organized on a K-12 basis. 
(Editor's Note - this represents the result of about 12-year s of develop- 
ment effort which started in grades 9-12 and then went back to kinder- 
garten, worked upward, and finally completed the K-12 sequence.) 
Unification has been achieve^ by establishing a comprehensive set of 
objectives that are derived from the principal goals of the school system 
which involve three kinds of relationships: 1 - self-environment, 
2 - people-people, and 3 - society-environment. These are first order 
objectives from which we have derived second, third, and fourth order 
objectives for the science program. Most of these lower order objectives 
deal with the self-environment relationships because that is the area 
in which science seems to have a particular and unique contribution to 
make. " % 

^ Second order objectives involve the concepts of matter, energy, 
and time so that learners may more fully understand the nature and 
process of change which is universal. 

Third order objectives involve sub-concepts and principles that 
relate directly to the super-concepts listed as second order objectives. 
Thus, in connection with "matter" there are: structure, general proper- 
ties, special properties, occurrence, value, etc. Someone else might 
produce a different list of sub-concepts but feel ours is vety well 
suited to our* purposes. 

Fourtih order objectives are derived from the sub-concepts listed 
in the third "order list. These *f our th order objectives specify a stage 
in what seems to be a hierarchical series leading to third order concepts 
and subsequently to secondhand first order objectives. These fourth 
order objectives are also matched with levels which correspond mainly to 
grade levels. v 

As an example of a third order cbticept based objective, let us ^ 
consider ."sotructure" and see how it can be translated into a fourth 
order objective' at several different levels. At Level A (kindergarten), 
the idea to be developed Is, "The apparent size of an object is not 
alvays the same." At Level B (first grade), the idea to be developed 
is, "The appearanc^ of any object depends on the arrangement of its 
parts." At Level G, the idea*is, "A set of objects becomes a functional 
whole (i.e., system) when the objects are arranged in a special way." 
The sequence of ideas is continued onward and upward but always contrib- 
uting to the development of the learner's concept of "structure" as it 
relates to the "super-concej)t" of "matter." 
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Parallel sets of fourth order objectives can be specified at all 
grade levels for each of the third order concept-objectives. These 
parallel sets are the vertical threads of continuity throughout the 
program. 

At the present, we provide a selection of many activities that 
are intended to help students achieve the specific fourth order 
objectives. It is up to the teacher to select which of these activities 
will actually occur in the classroom but as mentioned earlier this 
selection is much less crufeial than is the specification of fourth 
order objectives themselves. 
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Logistics " Section I 

Panelists: David-CoXj Center for Unified Science Education^ Ohio State 
University 

Sister * Diana Stano^ Villa Angela Academy^ Cleveland^ Ohio 
Chairman: Dr. Barbara Thomson ^ Center for Unified Science Eduaationy 
Ohio State University 

f 

STAND - Our situation was rather unique, since we were able to plan for 
and implement a changing science curriculum along with a change in 
physical facilities. The planning for both of these changes was guided 
by the school's educational philosophy :,and goals. In essence, we decided 
to develop a unified science program that could be implemented and function 
efficiently in an open-space physical facility.^ The entire endeavor, 
which is still i<n progress, has been a most excising and rewarding 
experience. 

The presence of an understanding and supportive school principal was 
^ a most important consideration. Without administrative support, it is 
doubtful if w^ could have succeeded in our plan. In addition, were 
able to work continuously and cooperatively with the science sta^ of the 
, Educatipnal Research Council of America (ERC) . Much of the reproduction 
of materials, etc., that would normally have been accomplished within our 
school was taken care of at ERC. 

Because the program was being developed during the school year as"^ 
*well as the summer, we had some trying moments. There were times that 
the materials arrived only a day or two befo*^re they were scheduled to 
be used, but somehow all of the deadlines were met. It should also be 
mentioned that we decided to implement our four-year program one year at 
a time. 

The classroom management aspects of our program are of ten, of interest. 
Our science staff serves basically as resource people, with many different 
activities occurring simultaneously in an open-space science area. 
Howeverl^ there are times that class-sized activities (e«g«» discussjions) ^ 
do occur and each student is technically assigned to a teacher for science. 
Each teacher also has. responsibility for recording the progress of the 
students assigned to him or her. We utilize the modular unit format and, . 
in fact, were the first school to employ that instructional model in a 
unified science program having received the idea from Dr. V, Showalter 
who was with ERC at the time. 

COX - Rather than discuss ipgistics in general, I would like to focus 
on just one aspect in some detail. An area that all ^^development teams, » 
at one time or another, will be concerned with is that of the production 
of student instruptional materials. Even thdugh it is possible to use 
^ instructional materials* in their regular commercially boun4 form, it is 
necessary to prepare at least a few student guidesheets for each unit.* 

Probably the most important of all considerations in this logistics 
area is the establishment of a realistic time line. Deadlines for the 
various components of the materials must be 'clearly defined and adhered 
to. Nothing is more frustrating to teachers and learners alike than 
not to have instructional materials available when needed. More than 
one new program h^s got|2en off toil a, shaky staltt, not because .of the quality 
of the program or preparation of the teachers, but simply due to the 
failure to plan adequately for the production and distribution of instruc- 
tional materials. 
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Experience has demonstrated two things relative to the local produc- 
tion of student instructional materials: 1) it is better to reproduce 
and collate materials continwusly throughout the development^ period 
(e.g., ' summer) rather than all at one time at the end*; and 2) proper 
budgeting of time, personnel, materials, and equipnlent iB essential. 

Let's first examine the time line dimension. Having once determined 
what tasjcs need to be performed, it is possible to establish reasonable 
deadlines f or^ the completion-^ the writing and /or assembling of the 
various components of the student instructional materials. This allows 
for the orderly proofreading, r;eproduction, collating, and binding of 
the materials. If an effort is made to compress all of these activities 
into the final two weeks or so of the development period, a, nCtober of 
problems are likely to arike. Among these are: 1) undue stress and 
demand on typing and reproduction personnel, 2) rushed and therefore 
unsatisfactory proofreading, 3) unavailability of writers** for either 
proofreading or consultation, 4) undue stress on equipment (even mimeo- 
graph machines need to rest!), 5) little or no marjin for unexpected and 
unavoidable delays (e.g., illness of key personnel, machine br^ak down), 
and 6)^ competition for the time of either clerical help and/or machines 
(especially during the late summer and early fall). 

Another important tonsideration is personnel. Quality typists, 
machine operators, etc., are essential, and some of the best available 
people (e.g., students, school secretaries, business teachers) may only 
be available during limited periods of time. Arrangements^ for their 
services must be made as soon as possible. 

Finally, materials and equipment must b6 provided for. Typewriters, 
mime»graph stencils and/or duplicator masters, mechanical collators, 
duplicator fluid and/or mimeograph ink, binders, etc., are all necessary 
and needed at particular times. While it may at first s^m best tp 
utilize school equipment, the wear and tear is subst;antial, and all 
parties might be better served by the rental of certain pieces of equip- 
ment. Also, some severe competition for certain pieces of equipment 
begins to surface as summer turns to fall. 

In addition to the materials and equipment already mentioned, you 
will need paper. The weight to be utilized, as well as whether or not . 
it should be pre-punch^d, are important financial considerations. 

Last, but not least, you will need to decide how you wish to dis- 
tribute the product. You may wish to simply hand out three-hole-punched 
pages and have the learners provide the binders (if so, remember that 
it is possible to do the reproduction on pte-punched paper), or you may 
wish to provide binders for the students. If the numbej of binders 
required is sufficient, you can obtain both at a reduced price and 
-✓with a customized cover. « 

Mi alternative model is to have mimeographed pages (three-hole- * 
punched) bound by either rings or plastic strips similar to those used 
on bread packages. A slightly more sophisticated system might have 
the units bound in report covers or even with a standard glued binding. 
Perhaps most satisfactory in my own program (Portland Project) was the* 
Velo-Bind binding (A. B. Dick Company). It is inexpensive and has 
proven to be extremely durable under normal student use. However, with 
the last two mentioned methods of binding, j a great deal of flexibility 
,in implementing changes in order or content of the material ^s lost. 

The intent of this discussion has not been to discourage or sckre 
■you, but simply to point out that planning is required and that consulta- 
tion with the Center for Unified Science Education or others who have been 
through the development process will probably save much time, effoft, and 
money . ^ G * 
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Logistics " Section 2 

Panelists: Dean Hatfield^ North High School^ Bakersfieldy Califoxmia 
< * Betty Fahner^ Cambridge Junior High- School^ Cambridge^ Ohio 

Chairman: Viator Showaltery Center for Unified Saienae Eduaation^ 
Ohio State University 



FAHNER " The combined science^ staff s of out^ Junior and senipr Vligh 
school have been looking at unified science as a curriculum st/ructure 
that might replace our conventional program especially in grades 7-9 • 
We have a total of eleven staff members and of them, two are unconvinced 
and another two are definitely antagonistic to the idea. Therefore, we 
are Just at the beginning stages of implementing unified science • 

One of the factors that seems to be working toward a decision to 
go or not to go into unified science is the immediate problem of being 
long overdue to select a new textbook for ninth grade science* i If we 
can show the administration that the money ordinarily put into .puying 
classroom quantities of texts can be put to better use by implementing 
a unified science program, we will get suppofx from the administration. 

Our biggest problems right now seem to be money and the administra- 
tion. As mentioned above, the only money available is that which 
ordinarily'^would go into textbooks. Also, some of the administrators 
seem to be afraid of doing anything different. For instance, they are 
afr^aid parents will not like the idea of their children not having a 
textbook to carry because they are in unified science. At the present, 
we think we will manage that problem by giving each student a durable 
vinyl threiB-ring notebook in which they will accumulate * the paper / 
materials that will go with the unified science program. \ 

On the positive side, however, the administrators, or at least some 
of them, would like to see the science program articulated from one 
grade level to the next, which it certainly ^is not now but which a 
unified science approach could help in bringing about. 

HATFIELD - Me feel our biggest needs have been time and patience. It 
is absolutely impossible to get anything like unified science implemented 
overnight. In a, secondary school district like ours which is very large 
and has many high schools, it is very important that each building staff 
have a large amount of autonomy in determining their own science program. 
Even so, in our case the transition to unified science is slow. As an 
example, ouryiinified science unit^.|iiVe taught in a course that is still 
officially l|pied, "biology." 

We feel that the guidance counsellors are a very crucial group of 
school people to get on your side if unified science is to be a success. 
After all, if >the guidance people do not recommend that students take 
unified science, you would not have any students and that would end 
unified science before it really began. ^Theref pce^ it is a good idea 
to keep the counsellors aware of what you are trylitig' to do and let them 
know that your unified science course is not Just a "Mickey Mouse"" f 
kind of thing. 

DISCUSSION - For many schools that already use or*^ have experience with 
a multiple text approach, the transition to a unified science is relatively 
easy because it represents less of a departure from current practice. Not 
only that, but the multiple fexts themselves are a great. source of modules 
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for unified science units so there is no* need to throw them out. 

•A goQd source of both talent and money is the college or university 
that is closest to your school. The college people-^have contacts and 

'respurcesr that can really help and, in recent years, have shown in9reasing 
interest in working with schools in science curriculum development. 
They also have experience in preparing grant proposals which can be used 
to provide the money for implementing unified science. This is important 
even if unified science can and has b^een done on relatively small amounts 
of additional funds whep compared to some of .the new national programs. 
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My Unified Science Experience In Retrospect 

Panelists: Geoffrey CianmingSj Bank Employee 

KennetH Thompson^ Graduate Student 
Richard WilderSj Graduate Student 
Chairman: Herbert Coon^ Professor ^ Soienoe and Mathematics Education j' 
Ohio State University 

COON - During this session, we wlli hear about some of the impressions 
that persist today, ten years after our panelists graduated from the 
University School, In the four years prior to their graduation In 
June, 1963, they had an opportunity to participate In a unlque^jmlf led 
science program. During that time, Incidentally, I was prlncflpaiSpf the 
school. ■ 1 

The school Itself was unique and had a tradition, since Its In^^eptlon 
In 1932, of being progressive. The teachers were able and agresslve >and 
coiranltted to curriculum development. Although many of the students were 
professors' sons and daughters, a significant proportJLon of others w^e 
recruited and attended on fee waivers thus giving the school a desirable 
kind of balance In which 'minority groups were well represented. Wide 
diversity In IQ's was also a characteristic of the student body. / 

Now, we will give each panelist a chance Vto say something about what 
he 'Is doing presently and how long he attended the University^ Sc^hool. 

CUMMINJSS - I attended University School from grade 7 through grade 12. I 
obtained a B.S. In sociology from Ohio State University and am now employed 
by a local bank. 

THOMPSON - I entered University School In grade 9 so I was there four 
years. I am now completing a Ph.D. progtam In sociology at Ohio State. 

WILDERS - I guess I'm the most experienced University School goer since 
I was there from grade 5 through grade 12., I obtained a B.^. frpm 
Carnegie Tech (now Carnegle-Mlllen) and am now completing my Ph.l). In 
mathematics e4jiCatlon at Ohio State University.- 

COON - I wish we could have broader representation on this panel but 
Individuals are always hard to locate after ten 'years and some that 
wanted to participate on this panfel/wqre unable to be here for one reason' 
or another. f 

For our first question, let li^ consider, "What do you remember 
especially f rom .J^bur unified science at University School?" 

THOMPS^ - What I remember especl^ly was my Individual project on shape 
recognition by hamsters that I did In the ninth grade. This was generally 
in the field of experimental psychology and although I can't remember 
the specific results, I do recall that I felt I gained a tremendous 
Insight into the behavioral sciences. \ 

(EDITOR'S NOTE - The University School unified science program contained 
one 3-4 week unit in each of the four years that was devoted to students* 
individual studies. These studies were required to contain empirical 
data in addition to that from the literature.) 

WILDERS - L guess for me It was my physiology project in the tenth gtade. . 
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CUMMINGS - Well, for me there were two things. We studied about many 
of the big ideas in science but there was this unit in the eleventh 
gradjB on "Models." It was the most enjoyable and understandable unit ^ 
and I learned a lot from it. 

^ — ^ The second thing was my project on "Boomerangs" that I did in the 
eleventh grade and in which I am still interested. 

WILDERS - Now that Geoff mentioned it, I thought the unit on "Models" 
was pretty great because it gave you a way of looking at most everything. 

COON - Was the University School program really unified (i.e., fused)?* 

CUlllMINGS - Some units seemed less fused than others. Some of the 
earlier units during the four years were obviously split into sections 
that definitely were cheb^stry, biology, etc. 

WILDERS - The method or approach used whereby inferences were made from 
data was very unified. It seems to me that these work about the same 
way in all science regardless of what special field of science it is. 

COON - How do you regard the adequacy of your high school science for 
the college level work you had to take? 

WILDERS - I feel 1 .was very well 'prepared in how to think and thus was 
very useful in most of Carnegie's courses all of which were required 
and formed a fixed curriculum. I did have some problem with chemistry 
but that was the fault of the course and its instructor. He expected 
us to know a lot of memorized facts - for instance, we had to memorize ^ 
a large proportion (maybe all) of the periodic table which was about ' 
the siliiest thing I had ever done^. So chemistry^ or really the way 
it was taught, was a- shock. But there was no such problem in physics 
and I breezed through it. 

THOMPSON - I experienced some of the same shock in college where expec- 
tations vjere entirely different. I think the botany course I took 
consisted entirely of trivia. 

COON - For those who aren't knowledgeable about the University School, 
it should be pointed out that conventional grading systems were not 
used and this could well account for some of the "shock" reported" by 
these two people. 

THOMPSON - I don't think unified science should be judged by its effects 
in a special schQol as was the University School. I would like to see 
what .it could do in a college where lecture sections number one-hundred 
or more. 

CUMMINGS - The biggest shock and disappointment to me was that College 
was a place where I was not authorized to think. My ten hours of 
r-^^logy were an exercise in memorization. My five hours of botany only 
reiterated Thurber's recollections from the same course earlier in this 
century. And so, college science was more a disappointment than 
Anything else. 



AUDIENCE -' How do you think you would have liked tradition^al science in 



high school? ^ . » 
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CUMMINGS - I never would have elected physics and chemistry. Therefore, 
I got a well rounded education in science through unified science that^f 
I would not have gotten even in college. ^ • r> % 

THOMPSON - Probably not much difference since I was not very gung-ho 
ixi science* Conventional jScience does not give 'the learner a chance 
to see science as a whole or to learn how to think. I think conventional 
science is oriented to memorization of trivia whether it be in college 
or high school. ' 

\ 

WILDERS - I would have been bored silly. I would have done all right 
but would- have come out of it with a very bad taste in my mbuth- Of 
course, it may have depended on the teacher. 

AUDIENCE - Does the "shock" you mentioned earlier really indicate that 
unified science does- not prepare one for college? 

WILDERS - There wasn't* that kind of problem since I scored 650 on my 
physics college entrance board exam which I took as a junior. 

AUDIENCE - At Monona Grove we have found no disadvantage in our students 
competing at t^he college level. In fact our unified science students 
have done better. * ^ 

COON - I believe Showalterjs study on more thaa a hundred unified science 
graduates also shoi-zed no'^disadvantages and several advantages. 

AUDIENCE - Do Vou think you dev.eloped an ability* to generalize as a 
possible product of your unified science experience? 

WILDERS - Yes, definitely but it was undoubtedly a by-product since I 
don't remember it being taught directly. 

AUDIENCE - Would you say ytjj<ir favorable disposition toward unified science 
is more a function of the individual projects you did or the intrinsic 
value of the curriculum? 

WILDERS - I'd say the biggest factor was the people teaching it. 

AUDIENCE - Does this mean that the teachers could ha,ve done as well 
teaching a conventional course? 

THOMPSON - If they had, they would have been labeled "rebels" because 
they, would have been going away from the conv4ntional approaches. 

WILDERS - It's hard to believe that these teachers would go the conven- 
tional route. 

CUMMINGS- I disagree a little. I believe I would not have signed up 
for any course titled chemistry regardless of wficf taught it. 

(EDITOR'S NOTE - The remainder of the panel discussion revolved generally 
•around the University School's policy of not giving course grades and 
some consequences of this polioy. For example, the senior class president 
instead of a valedictorian gave the farewell talk at commencement and 
a faculty letter of recommendation served in place of a class rdnking 
and as a unique tY?& of diploma..) . . ' 
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"A Survey of Unified Science and Enrollments" 



by Richard Supinski and Michael Szabo 

^Richard Supineky^ at the time of winting this paper^ was a graduate 
student in soienoe education at The Pennsylvania State University, 
Presently he teaches at the United States Military Aoademy. 

Dr. Michael Szabo is Associate Professor of science education at 
The Pennsylvania State University and was Mr. Supinski 's advisor during 
the study reported here. 

. High school physics enrollments have been steadily declining since 
physics was first offered as ar separate course in 1890.1 Causes for 
the decline have been many and varied. In recent years, interest in 
other natural and social science- courses has grown rapidly, often at the 
expense of physics enrollments. If the nev; courses were to x:ontinue to 
grow, and if the current trend in high school physics were to continue, 
physics enrollments would continue to d^ecline and eventually diminish. 
Many educators and - scientists, however, recognize that physics is .impor- 
tant and that something must be done to halt the decline and to increase 
interest in physics. 

One possible solution to the problem of declining j/hysics enroll- 
ments is to place physics and other new and traditional science courses 
into a Unified Science Program. Unified scierice, unlike separate 
science cotirses, views science ag a whole, organized around big ideas 
that permeate all science, with subject matter se\l.ected from a broad . 
range of speci'alized sciences^ 2 As new science courses would be devel- 
oped, their relationship, as v/ith physics, chemistry, biology, and 
earth science, would be highlighted in reference to a unifying theme or 
big idea. 

> 

In an attempt to determine the relationship of unified science to 
traditional physics, i.e., physics not purposely integrated with other 
sciences, an<3 the effect of unified science, on high school enrollments, 
the authors surveyed thirty-one educational sites using a unified science 
approach. <r 

Utilizing a questionnaire specif ically ^designed for this study, the 
authors would be able to determine : : approxJ.ifliately how long various higfi 
schools had unified science programs, the^irelationship of , t^e number of 
physical concepts presented in traditional physics Compared to unified 
science, and the impact of the implementation of a unified science 
*T)rogram on high school science enrollments. 

*- < . , , 

Sample 

Having developed the questionnaire, the next task was to arrive at 
a sample to whom the questionnaire wolild be sent. The authors selected 
a nationwide sample af thirty-one high schQol teachers .and other educa- 
tors believed to be currently involved in a unified sciencfe progi;am ,at 
the high school level. Selected from a list of -unified science" programs 
as published by Showalter in 1973, the* nationwide sample concentrated 
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primarily qxi those unified science programs existing at the high school 
iBvel, grades 9-12.3 These teachers an^ educato^ were chosen as, in . 
the opinion of the authors*, they^ pro'^ded a mosjxrepresentative sample 
of ediicators having^experience with hoth non-unified science and unified 
science programs- As the number of persons believed to be teaching. "J^^^; 
unified science in grad'es 9-^12. was small, the inves-tigators felt coth-' 
pelled to' address tlie cfuestionnaire to the entire thi-rty->one teacher 
isaifliple. ' . . ■ ' ' \ . . 

Methodology 

Each subject in the sample was forwarded the eight-item question- 
naire aijd was requested to answer each question, if applicable, by . " 
checking the block- that most appropriately represented' the situation ^ 
that existed in their school. Subjects were . requested to add any adjii- 
Uional tonfiments ttrfey believed necessary to further clarify their response. 
Having completed the questionnaire, the subj>ect was asked to return the ^ 
questionnaire to the authors by mail. 

te ■ • ' ^ 

Results . «^ • 

•Responses were received from thirty of the thirty-or>e persons (97%) 
to whom t^e questionnaire was seAt.' Of the thilrty responses, nine per- 
sons chose not to answet^ the ^questionnaire for the. following' reasons: 
their school did not have a unified science program; their school had 
a unified, science program at the elementary level but not at' the secpnd- 
ar^y level; the school did not start a unified science* program as it lost 
one or more of the teachers promoting the program; the educator was no 
iongffrassociate'd with a unified science program at the secondary level; 
or, only one school reported, the unified science ' program vas dils- • 
continued after one year. ^Eliminating these nine "responses, the authofs 
had twenty-one responses that provided a representative sui^^ey sample of 
unified science programs existing across the nation. ^ 

Ques4:ion one was-^inly adpainistrative in nature and was designed 
to determine how long eac*h school had* a unified/integrated science pro- 
gram. In question one, as in other questions, the authors included the 
words "unif'ied/int'egrated" as all schools were not unanimous in calling 
thfir program "unified." Of the twenty-one responses to queafef^a^e, - 
^even schools had tbeir program for 2-3 years, two Schools had the^ 
program for A-5 years,' and twelve schools had their ^program .for 6 dr 

more years^ * * ^ 

* # * * 

The emphasis of question .two was on schools that had ui/if ied science 
programs th^t -involved less than four years of study; progran^ in oper- 
ation for erne, t^wo, or three years. Question two requestedsutij^ts i^ 
this catii^ory to indicate if there was any discussion .or plans directed 
*at expart^ng their program; eleven schools indicated their program was 
less than four years long. Of the elts^en schools, 'thipee indicated 
there was no such discussion, with one additional school indicating that 
their pfSg^am .would be expanded if facilities become available. 

Question three concentrated on tlie attitude of unified science 
educators toward their^^unif ied science, program. Subjects were asked to 
indicate if they 'were s\if f iciently pleased with- their program to recom- ^ 
mend it to otHter educators. .Educatfionally significant ;Ls that all 



twenty-one. respondents indicated "YES" to this qo&sxlon. Perhaps even 
more noteworthy was the fact that several respondents saw it necessary 
to add further emphasis to their reply to include such remarks as 
"very much so" dnd "strongly in favor." _ . 

One of the. primary means of contrasting traditional physics to 
physios involved in a unified science program was to compare the num- 
ber of physical cohcepts taught in each prog.ram. ^Responses to question 
four are tabulated in Table 1. As can be 'seen, only three unified ♦ 
science programs reportedly involved fewer physical concepts than in 
traditional physics. More significantly y 11 of tjie 21 unified science 
programs entailed at least slightly more physical concepts. 

1 — . 



Table I 



Response to question four: Do your students receive as many physical 
conc^epts in your unified /integrated) science program as they 
^ did in the traditional physics course? 

' , Number Same Slightly Nearly Twice More Than 
Response Responding Amount More as Matiy Twice as Many 



NO 
YES 



1 
3 
17 



8 



0 



Since the problem dealt with high school science enrollments an5 
particularly* declining physics enrollments, it was appropriate to deter- 
mine whether the implementation of unified sc^ience could be associated 
with any changes in overall enrollments in* grades 9-^12, and specifical- 
ly the school grade level where physics is traditionally taught in the 
majority of cases, .twelfth .grade. Responses to questions five, six, 
'and seven are tabulated in Tables 2 and 3. It was found that 14 of 21 
(67%) of the '^respondents reported an increase , in science enrollments in 
grades 9-12, while 10 of 21 (48%) indicated an infcrease in science en- 
rollments in the twelfth grade. 



. \. Table 2 * 

Response to ^questions fiv^ and six: Ha6 there been any increase in 
science enrollments, attributable to the inception of your unified 
science program and what 'is th^ percentage change? 



.Respptirse 



Number 
Responding 



0-10%' 10-20% 20^0% " 30-40% 40-50% 50%+ 



NO 7 
YES^ . 14 
(Two not indicated) 



Table 3 

V 

Response" Responding 0-5% 5-10% 10-.20ig; ■ 20%+ 



cannot be 
determined 



NONE ^ 
NO 

YES . 



4 
7 
10 



6^- 
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:While seven responaents indicated "NO" to que&tions five and six, 
two of the seven respondents indicated they already had high science 
enrollments: . - 

- Dr. Thomas -Gadsden (P.K. Yo^ge Laboratory School, 
Gainesville, Florida) stated, "We already had 
reached a saturation point in enrollments. 280 
enrollments out of .270 students, grades 10-12." 
. - Mr. Chesley W. Corkum (Deerfield Academy,. Deer field, 
Massachusetts) stated that enrollments "... 
remained static — 80% of th6* student body." 

An additional comment furnished by one respondent was not reflec- 
ted in the questionnaire, but had a direct effect on enrollments. 
Mr. Noman Worthing ton (Monmouth Regional High School, New Shrewsbury, 
New Jertey) stated that "retention after the second year (10th grade) 
has biitin greatly improved. This year 100% of the atudenta who took 
Unified II elected Unified III. Difficult to determine a valid base ' 
on which to determine a percentage increase." 

Question eight, while not directly geared to enrollments, reques- 
ted the respondents to indicate whether their pupils studying unified 
science gave any indication of change in interest, enthusiasm, or 
attitude toward science. 6^ the 21 respondents, 20 indicated there was 
in fact, a change in their pupils interest, enthusiasm, and attitude * 
toward science; one respondent was uncertain. 

Conclusions ' ^ 

From the questionnaire, the authors feeL confident in stating the 
following conclusions for this sample. 

. ■ 

1. A significant percentage of schools with unified science 
programs less than ^our years in length are discussing lengthening 
their unified science program. 

2. Educational systems with actual experience with' unified 
science are sufficiently pleased with their program. so as to recommend 
it to other educators. ^ 

♦ 

3. A unified science program, in ad^dition to including other 
sciences, can have at lea^t as nfany physical/ concepts as does a tradi- 
tional physics prograia and will more likely (11/17 or 65%) contain 
slightly -Aore phj^sical concepts. '^kj 

" 4. A unified science program apparently, in at least 67% of 
the cases, directly contributes to increased science enrollments in 
grades 9-12. Moreover i where enrollment increases were reported, the ' 
increases varied anywhere from 10-50% or more, with at least a 10-20% 
increase being the most common. 

5./NvThere is approximately a 50% ^chance that those schools 
having a unified science program will also have an increase in twelfth 
grade science (enrollments. In ^those schools that reported an increase 
in twelfth grade sciemce enroilments, the increase ranged from 5-20% 
or more, with, 20% or more being the most common. This finding is par- 
ticularly Significant as the authors, were unable to" locate any substany 
tial evidence of increased enrollments in twelfth grade science. - 
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Based on the above responses, it caii be concluded that unified 
science does offer a viable solution to declining enrollments in high 
school physics. As it has been shown that a unified science program 
may entail at least the same number of physical concepts as in the 
traditional physics course and that unified science will lead to 
increased science enrollii4nts, science educators should consider the 
merits of unified science •! 

While the sample included essentially self-selected school projects 
with generally outstanding educational facilities and prograjns, the 
respondents were reflective of a nationwide interest in .unified science. 

The authors are not insisting that unified science is "the solu- 
tion" to declining physics enrollments, but are suggesting that unified 
science may have extensive application to current trends in secondary 
school science. It is likely that unified science will provide science 
to a greater percentage of high school students. 
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"This Past Winter, We Spelled«"Unif led Science • S-N-O-WI " ' 

by Lowell Kleppe 

Lowell Kleppe "did kis undergraduate work at Luther College^ 
Deoorahy lowa^ and has obtained Master* 8 degrees from Vanderbilt 
University (physios) and University of Wisconsin - Superior (soienoe 
teaching). He presently is science chairman of Ridgemount Junior 
High School in VJayzata^ Minnesota ^ ^^^md has 14-year8 of teaching 
experience, . 

N. 

Mr, Kleppe has published articles in Journal of Health Physics 
and Proceedings of the International Conference on Thermoluminescent 
Dosimetrvf , 

A persistent problem in Minnesota during the winter months is pur 
natural phenomenon : "SNOW;" q 

For years, we had trudged through the depths of mechanics ... for 
2 weeks ... heat ... for 2 weeks ... optics ... for 2 weeks ... sound 
... for 2 weeks, and so forth, and so forth. .This year, after travel- 
ing "cross-country" in search for something new and different, we 
found a new vehicle for teaching. Ihis new vehicle was not the snow- 
mobile ... but it was SNOW. 

"Snow" as a topic "for consideration has served as our initial 
experience with the unified science approach. . ^ 

Students were^ writing "SCIENCE IS FUN!" with tempera paints in 
the courtyard of our school ... and then spent the time until the next 
snowfall measuring how muc^ each color melted in^ the snow-covered 
ground in an effort to study heat-absorption by different colors of 
paint. Students captured "snowfleas" in the melting snow along the 
third-base line of the basebalL field. White "snow moths" were observed, 
captured, and brought in toi mounting. 

Snowflakes were caught on microscope slides coated^ with ethelene- 
dichloride and pol3rvinyl resin that preserved the flakes for later ob- 
servation ahd classification under microscopes in the classroom. These 
were in turn photographed using a Polaroid t camera mounted on a micro- 
scope. Classification was done by comparing the photographs to the 
classical snowf lake ^photographs taken by Bennett in Vermont over a forty- 
five year period. 

One boy measured the daily temperatures dnside the north, south, 
east, and west sides of trees and telephone poles in an effort to deter- 
mine the mechdnism 'of the. melting that had been noted around the sides 
of trees. 

A large snow-fort was dug into a snowbank in the parking lot of 
the school ... first for the experience of doing it ... and then to 
measure the insulating properties of the snow. (This "fort" was actually 
too comfortable, and was finally destroyed when some of the more innova- 
tive students started to use this facility for a smoking room firing 
thelj: noon-hour break.) 

- 8^7 . . 
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^ Snowbank cross-sectional temperatures wieij^. measured; building 
expansion cracks .were located and evaluated; jk^ were tapped for 
&ap and syrup was made; colored papers were studied for heat absorp- 
tion and reflective indices; archetectural considerations for our area 
were investigated; snow was made by using aspirators and compressecj 
air; the Sasquatch of Northern California and the Abominable Snovte&n 
of the Himalayas v;ere studied and the list could go on tatalling more 
than lOO activities actually attempted and completed by the students. 

This was our first experience with the unified science approach. 
It' was done by one teacher ... with about half of the ninth grade stu- 
dents in the building. Although he had seen other programs in opera- 
tion, this was his own version of unified science and was hia own 
format. He u^ed materials that were readily available . ^nd no new* . 
equipment or materials were purchased for this particular unit. 

^ Instead of the psychologically frustrating practice od writing 
out everything that was going to be done ahead of time, the teacher 
just started and let the kids go. The kids' ideas were often a sur- 
prise and often turned out to be the best ideas of the unit. 

There was no attempt to keep all of the students together but 
there was a definite attempt to keep them aware of what their fellow , 
students wer^ doing. Any "lecturing" was held to a minimum and con- 
sisted of informing all of the students of the type of activity that 
the rest of their classmates were doing and how they were doing it. 
Som^ of this was done by teacher lecture and demonstration, and some 
of it was done by oral reporting by the student involved if he was in 
tliat particular section. 

A series of 3 x 5 cards were prepared listing all of the activities 
that were currently being studied and students wishing to do an activity 
could search through the cards and find one that was of interest to them. 

Most of the better units, experiments and demonstrations from the 
topics on heat, climatology, and meteorology that had previously been 
a part df this course, were actually included in the new unit although 
the students felt that they were working all the time with a unit on 
SNOW and were not working out of a given text. They did refer to a text 
that was kept available in the. room, but it was not checked out to the 
students individually. The students did make better use of the library 
facilities than any class had in recent memory, and they did get famil- 
iar with the Handbook of Chemistry and Physics in the classroom. * 

The method of grading was a bit different from the type that had 
been used before and might be worth mentioning. Quality as well as 
quantity was used in order to prevent some students from getting top 
grades on volume of activity alone. In order to get an "A," unusual 
quality and quantity ne^eded to be present. *A "B" could be obtained- by 
either exceptional quality or quantity. "C's" were given when the 
quality and quantity were- average, and a "D" was given when the activi- 
ty of the student f ell $ub3tantially below this average. No "F"s" 
were given, but a "U" was se4t: home with a few of the students who 
absolutely refused to do a thing during the quarter. This group 
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amounted to about 5% of the students^-but much to my surplfise and delight, 
they did not present any unusual discipline Or behavior problems during 
the quarter. 

» • # . 

Students were required to have a pass when they were away from the 
room sp as to conform to school procedures in this matter. In addition, 
each oi the students outside of the room were to have a brief statement 
of what they were trying to do and accomplish on their passes. This 
seemed to keep them more in line and also kept their objectives in front 
of them. This relieved us of some of the problems that had been antici- 
pated with the school office and with other faculty members. 

At the present time, the kids are wprking in a unit entitled, 
"Force and Flight." They are building kitBs and gliders and are into 
Bernoulli's principle, Newton's laws, sail-loading, theodolites, tangent 
ratios, boomerangs, methane balloons, center-of-gravity , gyroscopes, 
Amelia Earhart, and Charles Lindberg. They really seem *o be enjoying 
themselves and they are able to work at their ovm rates with the ff 
ities and equipment that we have available, liiey don't have to sit^ 
through boring lectures^ and" don' t have to wrestle with the mathematical 
abstractions that ^Piaget and others seem to think the student can't 
really^ cope witb anyway. The kids seem happier and their teacher feels 
^better too. This type of approach seems to be the best one suited to 
the junior high school level. 
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"A Course in Unified Science Curriculum Development"' 

by David Cox 

'David Coxf is presently a Graduate Research Associate with the 
Center for Unified Scieytce Education. He is on leave of ahse'fice from 
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Milwaukie^ Oregon. 

^ ' Mr. C%c has had extensive eosperience in the development^ teaching^ 
and adaptation of the Portland Reject unified science materials. He 
also has considerable experience in disseminating the concept of unified 
science education in teacher workehops. 

— . . . 

This particular course was developed specifically for in-service 
science teachers and designed to prepare them to develop their own 
unified science programs. To the, best of my knowledge, this is the first 
course of this type that has been conducted.. 

Offered under- the eroup studies option within the Department of 
Science and Mathematics Education at The Ohio State University, the 
course was titled Studies in Unified Science Curriculum Development for 
Secondary Schools (Ed: Sci^Math 694.27). Its initial implementation was 
during the Fall Quarter of the 1973-74 academic year. The course cai^aried 
either 3 or 5 quarter hours of graduate or undergraduate credit. Those 
completing the basic course earned 3 hours of credit. Students desiring 
the full 5 hours were required to complete an additional project which 
will be discussed later. 

The course was initiated in response to an expressed need on the 
part of Columbus area science teachers. The group studies option enabled 
course sign-up procedures to occur with a minimum of red tape. The 
course was advertised only through a mailed flier and by word of mouith. 
The course objectives are specified belowi 

As a result of his/her experiences in the course, each 
student will: 

1. Incpeiase his/her ability to describe a rationale for 
' unified science education 

2. Develop his/her ability to design modular units 
appropriate for use in a unified science program 

3. Extend his/her Icnowledge of the concept of unified 
science education and the various programs that have 
been and are being developed in the U.S. and -other 
coun^tries 

4. Develop feasible techniques for 'initiating a unified, 
science program in his/her own school ^setting / 

5. Achieve to hi^/her satisfaction any other personal 
objectives relative to unified science education 

The cgurse requirements were: 

1. ^D^sign and develop a unified science modular unit up 
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to th^ field tist stage. The unit should meet all 
criteria specified by the Center guidelines. 

2. Write a final examination based on the course 
objectives. * " 

3. Abstract and code 10 modules of such a selection 
and quality as to be appropriate for entry into the 
Center's module banl^ (e.g., a brief description of 
a potential learning activity for a unified science 
unit, including such information as the source, time 
required, mode of learning, and degree of development). 

Those student^ who desired five quarter hours of credit were 
required to complete one of the following options. 

1. Write 25 additional module ab8fci;adts 
'2. Develop a second modular unit 

3. Conduct a field test of the modular unit cieveloped 
(during Winter Quarter) , , , 

4. Develop a workshop module (e.g., a basically self- 
contained learning package, requiring approximately-'' 
30 lAinutes of user interaction, concerned with some 
aspect of unified science education; it would become 

a resource of the Center for Unified Science Education) \ 
• 5. Other, with instructor approval 

Twenty students enrolled in the course, which was offered during 
the evening hours; most were inservice teachers from the Columbus area. 
Instructors were Dr. Victor Showalter and Dr. Barbara Jhomson,^ut 
contributions to both the design and conduct of the course were made 
by all staff members of thie Center for Unified Science Education including 
Paul Holobinko and myself. Frequent use was made of the. resources of 
the Center. 

Special toention deserves to be made. of the philosophical approach- 
to establishing and specifying Objectives for this course. Each objec- 
tive is viewed as a continuum. An effort was then made to take each 
learner where h^ was and provide learning experiences that would allow 
him to make progress along each continuum. The objectives are specified 
in such a way that making progress, any reasonable amount of progress, 
entails achieving them. Regardless of entry knowledge, all learners can 
still make progress along each objective continuum. 

A pretest was administered during the first class session to place 
each learner on an arbitrary 0-10 sdale for each of the first 4 course 
objectives. Two test items were constructed for and keyed ^^to each of 
these objectives. The scoring of the responses to the items was accom- 
plished using the same techniques that were used by judges of diving 
and gymnastics competitions. Four Center staff members heard each 
response read by an' impartial reader to •guaranltee the anonymity of the 
writer^ On Signal, each staff member iield up{^<Lp[i^^ 
the poiijt on the continuum that seemed to }^^:^$ii^^jH^d'^ 
The high and low ratings were discarded andf^iit^&!|^ of the tifQi:j:e0^^^ 
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calculated. The mean was accepted as the V7riter's placement. While- 
not a perfect ^echanlsm^ both staff members and students x^ho heard 
about it later felt it to be very satisfactory. 

No stuHent was placed at zero on ^ny continuum and, as expected, 
neither x/as any student rated at 10 on any continuum. Great diversity 
in continuum placement on the various objectives existed,* both for the 
class as a whole and for individual learners. In effect, we developed 
an initial course profile for each learner in terms of four dimensions 
or objectives. 



The 



le^earning activities for the 12-week course were designed , and/or 

selected to' enable each learner to achieve each objective. The full 

human and physical resources of^the Center were employed. Since the 

course its'elf was intended to convey some of the message relative to 

the 8pirit of unified science educati'on, care was taken to provide 

diversity in modes of learning and alternatives for the learners. The 

general topics covered are listed below. - \ 

• . y . / 

1, Introductory activities (pretest, introductions^^ 
discussion of course objectives,' discussion of course 
requirements, and cd^rse overview) 

2. Rationale for unified science education, including 
guidelines for unit design 

^. The modular unit as the basic component in designing 

iftiified science programs; abstracting modules 
4. Modular unit design and development - 
5# Types of unified science programs 

6. Writing objectives at the unit level 

7. Evaluation procedures 

8. Alternative modes of learning 

9. Strategies for implementing unified science programs 

10. Pi;esentation of m6dulac units developed by class 
participants 

11. Concluding activities (posttest and course evaluation) 

Among tVie diverse modes of learning used in conducting the course 
were reading,* field trip, audio |ape, slide tape, lecture, small group 
discussion, simulation, and writing. Some class sessions were held in 
a traditional classroom while others^ were held at the Ceriter for Unified 
'ci^nce Education where a wide variety of resources providfej^ many options 
students. 

Grading wae based upon the course objectives and' requirements. -All 
learners who achieved the coqrse objectives and fulfilled the course 
requirements received a grade of "A." 

The fact that all activities in the course were directly related 
to producing* a final product that ^ach student would use in his or Ker 
teaching had several extremely positive .effects. Several of the students 
commented that this was the first education course they had whidh was 
really relevant to the business of science teaching. Others -felt that 
things which had previously been encountered but rin a def^ached-rf tom- 
reality way (e.g.. Bloom's Taxonoi^iy of educational objectives in the- 



cognitive domain) now made some sense and were, in fact, viewed as 
being very* important and useful. 

Center staff and :j^i^icipant evaluation of the course indicated 
that it was a val^abl,^ learning experience for both staff and parti- 
cipants. Further, it J^i^ided a feasible model for local dissemination 
of the concept/ of unil|;^d; science education*' Several' unified science 
programs have evolved that had single staff members partici- 

pate in the course and ^pntinuing Center-inservice teacher 

relationships were initiatiH, 



\ ■ 
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a "Current Issues in Man Centered Science" 
(Abstratit) 

, by William Van Deventer ^ '11 

Dr. Van Deventer is PvQfeaaor of Biology at Western Michigan Univer- 
sity and was one of- the founders of FUSE. He QW^rently serves on. the 
FUSE Board of Directors. He is the primoML author of Idea' Centered ^ 
Laboratorif Soienoe which is a unified program intended for the 

junior high school. " ^ ' '^hs^ 

NOTE: This abstract is based on notes taken ^ 

during the presentation and from d handout ** 

addressed to prospective students • . i 

The official catalog title of this course is "Current Problems in 
Biological Science" and is numbered "Biological Science 107;" Neverthe- 
less, the problem areas to be dealt with are the problems of mankind 
and therefore cannot be limited to one science disciplLine. The unified 
aspect of the course is apparent* from the unit titles: 

1. The Populatj.on Problem 

2. The Energy Problem 

3. The Food Problem 

4. The Problem of Health and Disease 

5. Water, Materials, and Other PoBsible Limiting 
Factors for Man . ^ ^ 

6. When Is the Human Embryo Alive? 

?• The Problem of Heredity and Environment 

8. The Operation^of Natural Selection 

9. . The Possibility of a Balanced Environment for Man 

10. The Problem of Science and Religion 

The principal "big ideas" developed in the course are: Liebigs 
Law of the Minimum, conservation of matter-energy, food web, differen- 
tial growth rates, development as a function of heredity and environ- 
ment, balance In the environment, etd. , ^ 

The course meets for two two-hour periods each.weelc for one, semes- 
ter. There are two lectures in these time blocks plus time to ask 
questions and work on* probleifts. Th6 latter is "r'egarded as laboratory 
work. " 

There are sik tests, each of which is of the "take home" varie'ty 
and are of a "problem solvilig" nature rather than factual reclll. The 
student's, final grade in, the cpurse is based on tests, attendln^e record 
and "any other achievements." , „ ■ 

^ Strong emphasis is placed on textual materials in newspapers and 
news-orient^ periodicals rather than a particular book. 
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"Using a FUSE Approach with Students 
Hqiving Reading Problems" ^ 
(Abstract) 

by Bfetty Jo Montag 

Betty Jo Montag has worked in developing ununified science approach- 
since 1964. She teaches at Cupertino fjigh ' School j Sunnyvale^ California^ 
This school contains grades 10-12- and Science I is required of tenth 
graders. The school also offers conventional science courses to its 1600 
students. . 

NOTE-: This abstract was prepared- from a > 
tape recording of the original pfeslentation 
and its subsequent discussion involving 
conference participants.* 

Although Science I has been established for several years, it is 
frequently changed to meet evolving needs of the school ^population. The 
most recent modification has been -to develop .sp.ecial materials ft)r those 
tenth graders with^reading difficulties* . The latter was more or less 
operationally defined as jeading at a. standard sixth grade level or 
lower and which included abdut 20%. of the tenth grade students* 

Thi^ n^odif Icatipn v/as in* response to a recently established school- 
;wlde policy 'to direct increased ''efforts to improving readitig levels 
among students. 'The resulting modification took the form of editing out 
polysyllabic words and compound sentences from textual material for 
Science 1 and ,which had been written locally in the middle 1960's. There 
were al^o special /efforts made to practice certain classroom pr6cedures 
to "develop reading skills and the students with reading problems were 
segregated into special "R" sections of Science I. 

Some of the special classroom procedures inclilded word drill, making 
all tests of 'the essay type, grading tests, lab reports, etc.,. for 
English grammar and word tisage as well aj^ for science content, etc. 

The modifications have Apparently produced results in th^ desired 
direction.' There may be developing increased student interest in taking, 
more science courses which augments the upsurge of interest provoked by 
the introduction of unified science several- years agca. The apparently 
obvious solution of creating Science II, however, is slov to materialize 
because of the reluctance to move in this direction by a minority of 
the science staff which numbers a total of nine persons. 

• Most of the rel^uctance appears to be coming from several biology 
teachers who feel that even three years of unified science' will not 'con- 
vey as much biology as one year of a conventional biology course. Never- 
theless, the majority of teachers ^eel that a modular^ unit design could 
be used to advantage if it were done properly and if the 'staff could 
obtain unanimity on the desirability of unified science in general. 



"Thre Origin of Life: Some- Educational Aspects" 

(Abstract) 

by Antonio Lazcano-Araujo 



Professor Lazaano-Araujo works as n member of the Faculty of 
SaienoeSy University of Mexico, . 

NOTE: This abstract is bas^d on the paper 
submitted by Prof. Lazcano-yAraujo. 

The origin of ''life is identified as^^^^e of the most appealing and' 
active fields of scientific research of the present time." At the- same 
time, it can be shovm that recent understandings in this area have not 
become an integral part of undergraduate educat^n although there are 
some nptaj>le exceptions to this generalization.. This situation persists 
even tl^ough* there are an incrjea^ing number of books and other media that 
treat recent advances in. .the field. 

The situation seems to warrant a fusion* of heretofore separatee 
academic subjects. In this respect, C. Ponnamperuna is cited as believ- 
ing that "chemical evolution is a cornerstone in the understanding of 
processes that gave origin to the first biological systems and- which 
has (tended) to draw together .scientists* of varied disciplines from 
microbiology to astronomy." . . ^ ' * . 

Therefore, the general topic of "The Origin of Life" appears to 
be a promising "educational approach to unified science." This theme 
could be developed in a course consisting, of eight, units: 
* • 
I - Historical Background 
II - Definition of Life 
"ill - 6rigiti of the Chemical Elements 
/ ,IV - Origin and Evolution of the Solar System 
V - Evolu^tion of the Planet Earth 
VI - Chemical and Biochemical Evolution ^ 
VII Biological Evolution 
VIII - Exobiology ^ - 

For-* teaching rpurposes, it is important that there be appropriate 
supporting laboratory experiences. Many of^^^aese presently exist and 
can be* drawn from existing educational liter^fture. In addition, students 
should experience ^ome of the original literature dealing with the prob- 
lem of th^v^origin of life., \ ^ . . * 

« * 

' At the present, *a seminar is being conducted at The University of 
Mexico which attempts to use the origin of life theme to promote^ cor- 
relation with and synthesis of other science courses being taken con- 
currently by the students involved. This approach has .been very success- 
fu^l in terms of student interest and may well be a stepping-stone to a 
full-fledged course.. ' 
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Some disagreement was expressed' that the concenrratlon. on word 
meanings was the best way to' solve the reading problem. Instead, it 
was' felt/that a^major effort should be made to teach students to trans- 
fer and to interrelate those things they were able* to read. This . ^ 
suggestion was made in the light of a consensus observat:ion thaf ,this 
problem was the major bJLock to Ifearping in science^ ,(and other fields 
as well) . ' ^ ' 
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"Initiating a Unified Science Prograni" 
<j ' . (Abstract) - * . 

by Dean Hatfield 

, Dean Hatfield is ^presently a member of the soienae staff involved 
in initiating a unified aoienoe program at North High School in Bakers- 
fields California. 

NOTE: TPftls abstract was prepared ^rom a * . " 

tape recotding of the original presen/tatfion • 

and its subsequent a|.scu3sion involving ^ 

conference , participants. 

North High School contains grades 10-12 and is one of tbirt>een -liigh 
schools in the Kern County Secondary School District covering an area 
greater than xhat of Massachusetts, Delaware, and Rhode Island ^oinbd(ned. - 

Six years agcJ an effort to integrate science courses was> fnitfe^ted^' 
at North High 'School. A combined ".Che'm-Physics" cotirse met^wfth feome 
success (unjspecif ied) buty^ combined "Bio-Chem" program (attuscliy separ- 
, ate courses) left teachers Wd students di^satisfded. None pf these 
courses generated epccitement or high intiai^st among ^students. The gen- 
eral science approacti for non-college bound students 53id iiot fare any \ 
better. • ' ^ ' \ * » ^ > 

This was the status of the science program until tVoprea^rs ago when 
the ^ State of California passed a law requiring a biefitiiax evaluation gf 
* teachers in the^ areas of student progress, persdnal comp^tei^cy*, adjunct 
duties', and proper control of the learning environnjenl^yi Cotitinuation of 
teacher tenure will be determined by this evaluation. 'ManV teachers 
view passage of this law as an expression of the pub^i^'s ;Xoss of ^conf i~ 
dence <±n school personnel; , . a ^ 

i The reaction of North High's science staff to the perceived- loss* of * 
public confidence was /to consider a unified science* approach with its 
primary goal of scientific literacy as a vehicle to regain public tVust. 
A unified science approach is e<lu»t6d with rigoWus or "hard"" learning 
by at least part of the staff, and it is hoped' that the ^rigorous learn- 
ing required of student^s will favorably impress parents. 

• ' ' ' » 

A number of actions initiated by science depaf tmerit chairman. 
Bob Newbrough, sparked and maintained the 'Btaf f ' s interes^ in unified 
science. These included participation in a FUSE unified -Science work- . 
shop at Berkeley,' a subsequent enthusiastic and informative report of , 
the. workshop to other staff member^, a working -visit to the Center for ' 
Unified Science Education, a visit to an ongoing unified, science program, 
and convincing the Board of Education to appropriate funds for a week.' 
long working session during which the sta^f , aided by consultants from ✓ 
the Center, would further investigate the idea of unified science and 
develop a local' "position. " ^ Th^s.was the fl?r9t time money had been 
alloted for thi^ kind of curr^iculum study. 
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C The North High unified science program is considered to vbe ;in its 
embryonic "Stage, and it is planned to be developed gradually, that is, 

^ in a metairforphic waW. During the' initial week-long woi[king session, 
the .presently used msEructional .materials dnd activities were examined 
but from a unified science and student fram of reference* The plan is 
to incorporate these materials into unified science *units and these 
i^ita into the tetith grade biology course until ^it evolves Into a full 
fledged unified science course. Plans then call for unified science 
courses for grades 11 and 12 to be developecj during the following two 
years. At least two other high schools in the same district are . , 
committed to developing •unified science programs. ^* 

Predictably, obstacles and problems have been ^encountered by the 
unified science team. Among these are: difficulties in obtaining a 
block of "released" time to work ds, a team, the influence of tradition 
in resisting changp, and finding ways to develop new teacher compe- 
tencies. In response to these problei^is, a decision was made to involve 
in the deyelop*ment of the units^^ all teachers who will teach unffied 

' science and Xo apply the work of ttjese teachers as are' college credits 
in determining salary increases. Also a decision has been made to 
maintain a conventional discipline-centered science program along with 
t|ie unified science program. \ * 

■ ' / • ' 
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"A c)bmprehensj.ve Problem So.lving Curriculum 
• (Abstract) 

by Michael Fiasca 



Dr. Fiaaoa was one .of, the prime movers of the Portland Project ^ 
which attempted to integrate PSSC Physios with Cherrf Study or CBA 
chemistry starting in^l963. He also worked with the subsequent in€e^ 
gration of hio^ogy to the pj^ysios'-ohem in 196p' to/form a thre^ year 
program. He is currently a ^member pf the FUSt^haard of Directors and , 
is Associate Professor of Science ' Education at 'Pprtland Spate Univer- 
sity. , 

NOTE: ^ This abstract. was prepared /from 
Dr. Fiasca *s pres^flrcation notes, tfrom 
other notes made by other conference -par- 
ticipants, and from subsequent? giscu^sion 
by participants. 

Comprehensive ^Problem Solving (CPS) re^presents a natural step 
from previous cbrriculum work although ft jmay not be appropriate for 
all students^ nor for any student all of t)(e time. 

' ^ A basic premise of -CPS is the belle/t that "students must be given 
the opportuixity, to tackle real life ^ndZcoiinnunity prpblems." Further, 
a student "learns about the discipline^ as he needs to' know about them 
as he pursues a problem." 




Schools should be "providing addOescents with* skills to: perced 
and define real problems, "^collect dara, make data analysis, pursue (the 
problems) in a cross-disciplinary manner, suggest splutions, try them 
(the solutions) if feasible." 



' ,Such a program would enable* 1/earners to become more involved in 
the process of schooling and woulyd not be simply receptors of "pre- 
di>gested wisdom of experts." 

An example of suc|i an appriliach can be fx)und in the Unified Science 
and Mathematics for Elementary /Schools (USMES)^, although the title of 
the program is a "misnomer." fiample units in this program are "Lunch 
Lines," "Pedestrian erossing^V" "Soft Drinks," 6tc. 



Questions raised and discussed although not resolved conclusively 
are; "What is 'real* to learners?," "How does this approach diffg^ 
from *the nearly extinct COI^ approach of the 1930*s?," "What evidence 
is ^here that tfiis approachf could enable learners to achieve all aspects 
of scientific literacy?," ^tc. 
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"The ERC Unified Science Program"^ 
(Abstract) 

by Gary Day 



Dr. Day is Scienoe Department Director and unified aoienoe program 
coordinator at The^Ed^/icational Researoh Council of Amerioa in Cleveland^ 
Ohio. • ' 

NOTE: This abstract was prepared from a 
tape recording of the original presentation, 
its subsequent discussion, and. tnaterials 
describing' the ERC Unified Scienc^^Program, 

The ERC Unified Science Program presently consists of eleven modu- 
lar units and will eventually have thirty units. Each unit ia designed 
to help students progress toward the goals of the program. These goals 
are all related to 'scientific literacy. The two basic types of unit ^ 
themes are "The Big Ideas of Science" and "Science-Sdciety Principles." 
Each unit will further the development . of " the students' understanding 
of these areas. Some unit, themes will be selected from these 'two area? 
while other unit themes will be selected from concepts or persistent 
problem^. The existing units developed for grades 9-11 are listed 
below. By September, 1974, all these units will have been revised, two 
new units producet^, and an evaluation program initiated. ^ 

* ' Unit Titles 

Asking Questions or Starting Inquiry * ' . 

Perceiving My World 

Mind Expanders (Instrumentation) 

Making SenseQinterpreting 'Data) 

Experimentation ' , ^ 

It's Time for a Change • S * 

'Systems (Let's Get It All Together) . 

What's the Matter with Energy (Energy Sources) ^ 

Fooling Around with Mother Nature (Ecosystems) - 

The Down-the-Hill-Gang (Equilibrium) 

Patterns / 




By September, 1975, five additional utwCts are 'scheduled for comple- 
tion and. field testing initiated.* Also, a/ science literacy test will ' 
have been developed. Eventually, the e'ntire program (30 unit^) will be 
field tested and hopefully 'sold to a publisher for publication and 



national distribution. . P 



The ERC Unified Science Program is intended for learners with diverse 
abilities, experiences, interests, and aspirations. It is seen as being 
appropriately used in a v^iety of ways. For example: individual units 
can serve as minicourses; 'units can be used in combination with discip- 
line-centered course -materials; one school uses the "process" oriented 
units with twelfth grade non-science oriented students; single units can 
be studied for varying periods of time ranging from six to nine weeks; 
a variety of unit: sequences is ,made pqssible by using provided "resource" 
acrtivitles designed to help students learn skills, etc. , when 'the need - 
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To-4^e, only Villa .Angela Academy, a four-year Catholic high 
'school for girls, has usejfl the entire program as its only 'science pro- 
1 gram, (Eleventh and' twelfth grade students study the same units,) 
, About ten other schools are using part^ of the present program in the 
'various ways already described. . ' 
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' "Imp-lementation of a ThreajfYear Unified Science Program" 

(AlJ$tract)» . ^ 

by On^da Bailey • « ^ 

Ouida Bailey is soiende department ohairman at LinoolnSudbury 
Regional High School in Sudbury^ ^J^aaa^ohusettSj where she has been in^ 
stnanental ((jii the development of'p local unified science^ program. 

NOTE: This abstract was prepared from J 
tape recording of t^e original presentation 
and its subsequent ^iscus^ion involving 
conference particlp|tnts. 

primary goals of the LjL|Xicoln--Sudbury unified science program 
ax/& to involve students in decisjlon making. in problem solving situations 
and to develop a unified view science. At all levels ther^'i^ an 
emphasis on the develtpmpnt of flkills necessary" in dealing with pr6blems. 
Although the program spans grades 9-11, this presentation describes units 
from only the first tv70 grades £o aihow how learning experiences involving 
scientific concepts are applied to problem solving. " ' 

Although dfecisioif making, vjdata source identification^ data gathering, 
and the design of courses of ^Ction are largely the responsibility of 
students in problem solving situations, the understanding of related con- 
cepts, is considered' most effectively attained by . "traditional investiga- 
' tive metjiods." A tenth grade ]physics unit uses electrical, magnetic, 
and optical phenomena to develop related cdncept understandin^g. 

A chemistry oriented unit is designed to hfelp* students develop an 
^ understanding of the kinetic ^inoleculaf" theory. The underlying concepts 
- of this t;ii€ioty are applied tri the study of meterological phenomena and to 
the mechanics of human respiration and bloocl pressure. A study of the 
periodic table of chemical ^ements concludes this unit. 

Concepts presented in khe above units are applied to ^'real-life" 
problem solving situations^; For example, the mechanics, of breathing are 
. . • based on the* gas law^. CorJ^iepts "presented in the phemistry unit are 

applied to a study of blooi^ composition, typing, clotting, etc. Appro- 
priate concepts are applied to landerstanding cardiac functioning, human 
eyesight, and phot<),synthes(is. 

In the ninth grade a *unit titled "Nutriculture" integrates the 
study of chemistry with plant* growth. The , learning outcomias are then 
I applied to individual garden plantings to achieve maximal plant growth* ' 

Students are Involved in a variety of t^eacher-student activities 
intended to develop a better' working relationship. For example, students 
assist in identifying ptoblem situations and the development of related 
instructional mat-erlals^ Students are urged to make use of "outside" 
learning oppprti/nitiee puch as computer studies and plant studies at 
local universities. : 

i 

Students enrolled in the unified science program are described as 

• • « "average and above average" with the flatter making up about half, the en- 

rollment. A conventional discipline -icentered science program is offered 
Q as au alternative to the unified science program, ^ 
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. Villa Angela Unified^ Science Program (Cleveland,' Ohio) , 

High on the list of questions asked by people who are intro- 
duced to the idea of unified science education is, "Where can I go to 
observe a unified science program operat-ing in a school?". Largely 
in 'response to this question, the annual FUSE Conference has been 
located near such a school. This year the Columbus location has^made 
it possible to select Villa Angela Academy in Cleveland, Ohio, as the 
school in which an ongoing unified science program could be visited 
and observed. Villa Angela is a Catholic high school, enrolling about 
700 females in grades 9?-12. 

^ Since the trip to Villa Angela Academy took several hours by ^ 
hus, the time spent riding enabled several of the program's developers 
to discuss the program's background ^th the visitors in small groups.-- 
Samples of instructional materials were available for examination. 
Thus, a number of questions were asked,, most of which were answered 
by the actual vis^^t to Villa A^igela. > 

the three year (grades 9-11) 'Villa Angela unified science pro- 
gram was found to be Unique to most of the/visitors for several reasons 
First, the instructional materials are o^aniz^ in a modular unit for- 
mat, a^nd second, the school building, which is new, has an open area 
design for which several architectural awards have been given. A 
third unique feature is that the unified science program and the build- 
ing were deliberately designed to complement each other. 

Visiting activities were organized in a. modular unit format. 
Brief orienting remarks were followed by "alternative'! activities de- 
signed to make the visit fruitful. ^Cholces^ of f ered included student 
guided tours of the school, ^cience area visitation and talking with 
students and teachers who were "functioning as usual," examination of 
instructional materials, and the handling of logistics.- Most visitors 
chose to participate in several of the alternatives. 

The mix of students (grades 9-11) working in an open area facili- 
tated interaction between the visitors and students. Simultaneously, 
some ^udents were "taking" tests, others were conducting various ac- 
tivities organized around the idea of ecosystem, and older students 
were organizing modular units around unifying themes of their own v 
choice .for independent study. • " ' , 

Since the actual visiting time ^as limited to about two hours, 
the generalizing or follow-up discussion occurred during the return 
bus ri<fe. Si&ter Diana Stano,* science department chairman and teacher, 
accompanied the group and along .with the other program'developers 
discussed' topics and qyestions of interest to the^^visitors. 
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Perception Laboratory of Ohio State University 



r 



Iftie Psychology^epartment of The Ohio State Uriiversity maintains 
thQ Perception Laboratory and off^s sessions featuring demonstrations 
and exj^eriments related to man's visual perception of the world. Thes6 
sessions are arranged fob groups that represent diverse interests and 
backgrounds, including students at the University as well as "outside" 
groups. Sessions of two to three hours each were, arranged for two 
conference tour groups with an emphasis on the edycational implications 
of the demonstrations, experiment^, and related dlscussi^on. 

Interaction with an "Ames Room," a rotating trapezoidal window, 
rotating spiral, light "point" discrimination, and ^other phenomena 
provided experiences on .which to base a disci|s^Qa_ of the nature of 
perception and its influence in determing our transactions with many 
aspects of . the world and universe. 

One of i(he educational implications of the "perception" experiences 
is that understanding the concept of perception and -its pervasiveness in 
all aspects of man's endeavors, represents a necessary factor in the 
development of scientific literacy in all humans. Another implication 
is that tlj^pervasiveness^of "perception" makes it an ideal unifying 
concept around which to organize learning activities from various nat- 
ural, behavioral, (and social sciences. And finally, the contribution 
of science to the understanding of perception and its application reflect 
the "practical" usefulness of science to man.. 
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Academy for Contemporary Problems 

* * 

This newly. founded institution represents a unigue cooperative 
effort by The Ohio State University and Battelle Memorial Institute. 
It is devot^Ld^to t'h^ serious and scientific consi4eration of contem- 
porary social problems that transcend ordinary disciplinary ^boundaries. 
The Academy has a relatively small permanent staff but has provisions 
for maintaining visiting academicians for periods of a few j/eeks to a 
few months, so they may give intense thought to a particular problem 
under consideration and-^fnteract with others from diverse backgrounds. 

Many of the problems selected for study involve extrapolation 
from present conditions "to those of th^ foreseeable future. Other' 
problems attempt to construct scenarios that are the logical conse-* 
quence of alternative decisions being made in the present or immediate 
^ future. ' 

One of the particular problems into which the visiting FUSE 
Conference participants were able to gain insights was dealing with 
the future development of the city of Columbus, especially those 
geographical sections^ that represent older times and which presently 
are commonly regarded as less than desirable. 



< 



V. 



ERIC 



9^- -QQ. I 



-99- 

Jim 



Center for Unified Science Education and 
•ERIC for Science, Mathematics, and Environmental Education 



•> Recent establishment o-f the FUSE Center for Unified Science Educa- 
tion ^t Columbus and its, close working relationship with the Education- 
al Resources Ijiformation Center (ERIC) were .prime factors in the 
selectidn of Columbus as the site of the 1974 FUSE Conference. ' 

The tour of the FUSE Center focused on its resources and program 
activities being developed and conducted under an enabling grant from 
the National Science Foundation and with additional support from the 
Ohio State University. The tour of ERIC emphasized its functions and 
resources, especially as they relate to unified science education. It 
was thought that a "first-hand" examination of the resources and per- 
sonal interaction with staff members from each Center would euable 
participants jto develop a reasonable familiarity with the resources and 
ways to facilitate their use. Three two-hour tours were conducted 
during the conference. 

The tour groups, consisting of persons from elementary achopl level 
through college, were introduced tp § number of specific resources de- 
siggied to define and explicate the concept of unified science education 
and to tssist local group.i in developing their own unified science pro- 
grams. These resources include a set of descriptions of unified science 
program? functioning throughout the country and the rest of the v/orld, 
research and evaluative studies related to unified science, sample 
unified science instri^ctional materials, and a. variety of "workshop 
modules." The latter Suiclude "canned" presentations pf unified science 
program case histories,\role plan simulations designed to help groups 
consider the pros and cons of unified science, "live" presentation and 
discussion of teacher education strategies in unified science, etc. 

Both the Center and ERIC were found to be open for direct use by 
working visitors and for remote use by persons unable to visit because 
of distance and time restrictions. Participants learned that many of 
the resources identified «in thi^ preceeding paragraph can be borrowed 
by mail for lUmlted time periods. Suggestions for usihg these resources 
are made by the Center in accordance with the objectives of the user'. 
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Workshop in Modular Unit Techniques for Unified Science 



The purpose of this workshop was to enable the participants to 
gain insights into one method of implementing unified science in a real 
school situation. It was conducted by staff members of the Center for 
Unified Science Education. 

The opening block of time was devoted to discussion of the 
rationale and philosophy on which unified science is based. A formal 
presentation was- followed by questions and responses by various staff 
members of the Center. " - \ 

The second block of time concentrated on an explanati^ of the 
modular unit format. Various illustrations and examples were used 
to 'show how each unit is composed of one introductory module (activity) , 
one generalizing module, and several alternative modules. Criteria for 
assessing the quality of these units were discussed. Several typical 
locally developed units were evaluated in terms of thes6 criteria. 

The third block of time enabled the participants to become involved 
in the mechanics of designing unified science modular units in small 
teams. ^Each team designed a unit through an^ outline stage. Esp^ially 
crucial ^techniques in the prodess were identified by members of Center 
stajff. A number of valuable resources useful to and available to 
school science staffs were also identified and examples were on hand 

fot participants jto inspect. ^ ' 

» f 

/ * " , , 

The workshop closed after Center resources available to school 
personnel were described. 
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Eighth Annual FUSE Conference 
/ Participant List > 



Anderson, Dr. LaiP'ry— Ohio State University 
Arndld, Howard.- Columbus, Ohio 
Awukd, Kwabena - SUNY; Albany 
Bailey, Ouida - Sudbury*, Massachusetts 
Ballard, John - Galloway Ohio 

Beach, <'Dr^ Darrell H, - Culver Military Acadetny 
Binder, Dr., L. 0^ - National Science Foundation 
Bok, Myron - tlefiance, Ohio 
Brito, Dr.»Dagobert - Ohio State University 
Broering, Sister Mary-^Ann - Melbourne, Kentucky 

Champagne, Sister Ann - Flint, Michigan 
Coleman, Davenport Chicago, Illinois 
Collins,^ Dr. William - Ohio State University 
Coon, Dr. Herbert - Ohio State University 
Coover, William - Upper Arlington, Ohio 

Cox, David - Center for Unifieff^cience Education 
Craig, Jon - Chalmette, Louisiana 
Cummings, Geoffrey - Columbus, Ohio, 
^Dancey,' Drl William - Ohio State University- 
Davis', Dr. DeW^itt -* Ohio State University 

Day, Dr. Gary -Cleveland, Ohio ^ ^ - 

Delaney, J.. R. - Wayzata, Minnesota 

Earl, Dennis W. - Columbus, Ohia 

Easter, Thomas W. - Newark, Ohio 

Enright, Karen - Chicago', Illinois ^ 

Fahner, Betty - Cambridge, Ohio 

Feer, Mchael - Sudbury, Massachusetts V ( " . 

Fiasca, Dr., Michael - Porjtlafid^State University 
Fletcher, Judy - Galloway, oThiio 
Frethefm, Lee - Wayzata, Minnesota 

^ ■ 

Gabel, Larry - Columbus, Ohio 

Gadsden, Dr. Thomas - University of Florida 

Gonzalez, Juan Americo - Cludad .Universitaria, Mexico City 

Graham, Carol - Chicago, Illinois 

tiuerra, Claudib - Ciudad Universitaria, Mexico City 

Hanke, Russell J. - Vayzata, Minnesota 

Hatfield; Dean - Bakersfield, California 

Helgeson, Dr. Stanley - Ohio State University 

Hennen, Dr. Ralph - Ohio State ^nivers^ity 

Holobinko, Paul fenter for Unified ^cience Education 
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'Hord, Philip W. - Dpp^r Arlington, Ohio ^ 
Howe, Dr. Robert, W. - Ohio State. University , ' k . 
.Rowland; Dr. Daniel - Ohio fftate University ^ 
Jednaszewski', Tom - Canton, Ohio 
Kaiser, David - Canton, Ohio 

KJLllius, David - Youngs town, Ohio 

King, Dr. Charles - Ohio Biological Survey • ^ - 

Koch, Harry p. Green Vall6y, Illinois ' ' 

Liao, Dr. Thoma&>T. - SUNY, Stony Brook . ' \ / 

Lillich, Dr. Robert - Denison University 

Llamars,. Di^. yicente J. — New Mexico Highlands University 

Mayer, D;r. Victor. J. - Ohio State University - / " , * 

Melvin, Dr. Ruth - Ohio Academy of Science ' \^ 
Miller., Bernard t Ohio Department of Education . >» 

Montag^ Betty ^To - Los Gatos, California 

Mutzf^ld, Harley R. - Lexington, Massachusetts 
Nelson, Gary - Wayzata, Minnesota , 
Oriedo, Mfka - C)hio State University 
Owen, Dr. Dean - Ohio State University , 
Pegler, Don - Cleveland, Ohio 

Pfeiffer, Carl H. - Monona, Wiscjonsin ^, 
Phelps, Margaret - Memphis, Tennessee ' 
Phenix, Dr. Philip - Columbia University . 
Powell, Dr. Mbseley - Memphis State University 
Rentschler, Robert - Lansing, Michigan ... 

Rhednfrank, Dr. John - Ohio State University 

Richmond, James - Columbus, Ohio " ' ' ' 

Riley, Margaret - Louisville, Kentucky 
Robinson, Dan L. - Bakersfield,* Calif omia 
Rohrer, William - Canton, Ohio T . 

Santille, Roger - Westerville,. Ohio ^ .c. 
Saunders, Cynthia Mo^te - Westerville, Ohio ^ 
Segal, Dr. Erwin - SUNY, Buffalo , ' . 

„ Sell, Paul W. - Canton, Oh,io 

, Showalter, Dr. Victor - Center for Unified Science Education 

Siu, Dr. Ralph - Washington, D. C. * 
Slettebak, Dr. Arne - t)hi(5 State University 
Smith, Jean G. - Or land Park, Illinois v^- 
Stano, Sister Diana - Cleveland, Ohia >| 

Steiner, Dr. Robert - Ohio State University ^ 

Supinski, Richard - Pennsylvania State Ifniverslty 
Suter, .^Robert - Bluffton College - 
Swami, Piyush - Columbus, Ohio' 
Sweitzer, Gary L. - Upper Arlington, Ohio 
Syswerda, Ivan -Lansing, Michigan 
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Taylor, Dr. Charleys' - Acjldemy for Contemporary Problems 
Thompson, Kenneth - Columbus, Qhlo ^ , ^ 

Thomson, Dr., Barbara - Center for Unified* Science Education 
Thorsoni Dr. Stuart - :Ohio St.a.te University 
Troyer,^ Robert D. - Owerfj^ Technical College . • 

Turner, Frank - Canton, Ohio a • 

Vaii DeVenter - Dr. Wf 111am t Western Michigan University 
Verhoek, Dr. Frank - Ohio State University 

^Weaver, Richard- Bluff ton College 

Vliders, Richard - Columbus, Ohio 

f. . : ^ ' ■ .\ , * 

Wilson, Tom - Canton,^ Ohifc 

Wood, Dr. Dong^ld Ohio State University 

Yarletts, Jhpmas G. 7 Cdlumbus,. Ohio . 4i»^» 
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